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PREFACE 



The HMCSAOO Series is a CMOS A-bit single-chip microcomputer which contains 
variety of on-chip resources such as CPU, ROM, RAM, serial interface, and I/O. 

The HMCSAOO Series, advanced product of the HMCSAO Series, realizes high-speed 
speed operation, high-level function and program-productive efficiency. In 
addition, it adopts the latest CMOS high break-down process and can drive 
fluorescent display tube directly. 



For additional information reference: 

•Section 2, HIVICS400 Series Software Application Notes 

•Section 3, HMCS400 Series Hardware Application Notes 
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Symbols and Abbreviations 



PC 


Program Counter 


SP 


Stack Pointer 


I/E 


Interrupt Enable Flag 


IFO 


INTO Interrupt Flag 


IFl 


INTl Interrupt Flag 


IFTA 


Timer A Interrupt Flag 


IFTB 


Timer B Interrupt Flag 


IFS 


Serial Interface Interrupt Flag 


IMO 


INTO Interrupt Mask 


IMl 


INTl Interrupt Mask 


IMTA 


Timer A Interrupt Mask 


IMTB 


Timer B Interrupt Mask 


IMS 


Serial Interface Interrupt Mask 


PMR 


Port Mode Register 


SMR 


Serial Mode Register 


TMA 


Timer Mode Register A 


TMB 


Timer Mode Register B 


TCA 


Timer Counter A 


TCBL 


Timer Counter B Lower Digits 


TCBU 


Timer Counter B Upper Digits 


TLRL 


Timer Load Register Lower Digits 


TLRU 


Timer Load Register Upper Digits 


SRL 


Serial Data Register Lower Digits 


SRU 


Serial Data Register Upper Digits 


ST 


Status 


CA 


Carry 
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Accumulator 
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B Register 
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W Register 


X 


X Register 


SPX 


SPX Register 


Y 


Y Register 


SPY 


SPY Register 
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Memory (RAM) 


MR 


Memory Register 


RAM 


Random Access Memory 


ROM 


Read Only Memory 
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Data I/O Pin or Data I/O Register 
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Discrete I/O Pin or Discrete Latch 
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1. OVERVIEW 
1.1 Features 

The new CMOS 4-bit microcomputer HMCSAGG series satisfies the microcomputer 
system which needs a large program capacity and high-level functions to meet 
advanced applications. The HMCS400 series offers high software-productive 
architecture, enhanced peripheral functions, high speed instruction execution, 
and support tools. It also has the characteristics of low power dissipation 
with CMOS process, and it is applicable to the product which needs low power 
dissipation as portable machine. 

o Process : CMOS 

o Architecture is compatible with the HMCS40 series for easy replacement, 
o One cycle per instruction execution utilizing 10 bits per instruction 
o Powerful ROM and RAM addressing capability 
o 16 nesting levels 

o Reinforced instruction system including logic arithmetic 

operating instruction, BCD arithmetic operating instruction, and pattern 
generating instruction 

o Reinforced interrupt function ; Five interrupt levels (External : 2, Timer/ 
Counter : 2, Serial Interface : 1) 

o 8-bit serial interface 

o Two timer/counters 

o 8-bit free running timer 

o 8-bit autoreload timer/event counter 

o 58 I/O lines (including 26 High Voltage (40V) I/O Lines); HMCS402/404/408 

o 36 I/O lines (including 24 High Voltage (40V) I/O Lines); HMCS412/414 

o High-speed instruction execution HMCS408AC/412AC/414AC : 0.89pis 

HMCS402AC/404AC : 1.29vis 

o EPROM on-package type : HD614P080S/HD614P0160S 

HD614P180/HD40P4181 

° EPROM in-package type : HD4074008 
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Table 1-1 HMCS400 Series Function List 



Type 


Name 




HMCS402C/CL/AC 


HMCS404C/CL/AC 


HMCS408C/CL/AC 


HMCS412C/CL/AC 


HMCS414C/CL/AC 


(0 


Supply Voltage (V) 


5/3/5 


5/3/5 


5/3/5 


5/3/5 


5/3/5 


ristic 


Max. I/O Terminal 
Voltage (V) 


vcc-40 


Vcc-40 


Vcc-40 


Vcc-40 


Vcc-40 


tract e: 


Operating Temperature 
Range (**C) 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75 


t-t CO 

CO ja 


Package 




DP-64S,FP-64 


DP-64S,FP-64 


DP-64S,FP-64 


DP-42,DP-42S 


DP-42,DP-42S 




Memory 


ROM (vits) 


2,048 X 10 


4,096 X 10 


8,192 X 10 


2,048 X 10 


4,096 X 10 






RAM (bits) 


160 X 4 


256 X 4 


512 X 4 


160 X 4 


160 X 4 




I/O Ports 




58 


58 


58 


36 


36 




Interrupt 


External 


2 


2 


2 


2 


2 


CO 




Timer /Counter 




o 
Z 


Z 


1 


± 


nctio 




Serial 
Interface 


1 


1 


1 






:3 


Instruction 


99 


99 


99 


98 


98 




Timer 




8 bit X 2 


8 bit X 2 


8 bit X 2 


8 bit X 1 


8 bit X 1 




SCI 




8 bit X 1 


8 bit X 1 


8 bit X 1 








EPROM on the Package 
Type 


HD614P080S 


HD614P080S 


HD614P080S 
HD614P0160S 


HD614P180 
HD40P4181 


HD614P180 
HD40P4181 




EPROM in the Package 
Type 


HD40 74008 


HD4074008 


HD4074008 







1 .2 Block Diagram 

1.2.1 HMCS402/404 Block Diagram 
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1.2.2 HMCS408 Block Diagram 
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1.2.3 HMCS412/414 Block Diagram 
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3 Pin Description 
The MCU input and output signals are described below. 

GND, Vcc. Vdisp 

These are the Power supply pins for the MCU. Connect the GND to the 
ground (OV) and apply the Vqq power supply voltage to the Vqq pin. The 
^disp P^^ (multiplexed with Rai) is a power supply for high voltage I/O 
pins with maximum voltage of 40V (Vcq). For details, see "2.7 Input /Output " . 

TEST 

This pin is not for use by users. It should be connected to Vqq pin. 
RESET 

This pin is used to reset the MCU. For details, see "2.8 Reset". 
OSCi, 0SC2 

These are input pins for the internal oscillator circuit. They can be 
connected to the crystal resonator, ceramic filter resonator, resistor 
(resistor oscillation is applied to the HMCS402C and HMCS404C) 
or external oscillator circuits. For details, see "2.9 Internal Oscillator 
Circuit". 

D-port 

The D-port is input /output port addressed by one bit. The pins Dq to D3 
are standard-type pins and 04-02^5 are high voltage pins. The Circuit type 
for each pin can be selected using a mask option. For details, see 
"2.7 Input /Output". 

R-ports (Rq to Ra) 

These are 4-bit I/O ports. (Ra however, is 2-bit construction.) Rq, R6, 
R7 and R3 are output ports, R9 and Ra are input ports, and R^ to R5 are I/O 
ports. Ro^ Rl, R2 and Ra are high voltage ports, and R3-R9 are standard 
ports. Each pin has a mask option which selects its circuit type. The 
pins R32, R33, R40> R41» and R42 are multiplexed with INTq, INTi, SCK, SI, 
and SO respectively. For details, see "2.7 Input /Output" . 

INTO , TNTJ 

These are input pins with which MCU operations can be interrupted 
externally. INTi can be used as and external event input pin for Timer B. 
INTq and INT^ are multiplexed with R32, R33 respectively. For details, 
see "2.4 Interrupt". 
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o SCK, SI, SO 

The Transfer Clock I/O pin ("SCK) , Serial Data Input pin (SI) , and Serial 
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are 
multiplexed with R40i R41, and R42 respectively. For details, see "2.5 
Serial Interface". 

2. INTERNAL STRUCTURE AND ITS OPERATION 

2.1 ROM Memory Map 

Table 2-1 shows the ROM capacity of each family. ROM memory map is 
illustrated in Fig. 2-1 and described in the following paragraphs. 

Table 2-1 Capacity of HMCS400 Series ROM 





Family 




ROM Capacity 




HMCS402C, 


HMCS402CL, 


HMCS402AC 


2,048 words 


X 


10 


bits 


HMCS404C, 


HMCS404CL, 


HMCS404AC 


4,096 words 


X 


10 


bits 


HMCS408C, 


HMCS408CL, 


HMCS408AC 


8,192 words 


X 


10 


bits 


HMCS412C, 


HMCS412CL, 


HMCS412AC 


2,048 words 


X 


10 


bits 


HMCS414C, 


HMCS414CL, 


HMCS414AC 


4,096 words 


X 


10 


bits 



(1) Vector Address Area - — $0000 to $000F 

Locations $0000 through $000F are reserved for JMPL instructions to branch 
to the starting address of the initialization program and of the interrupt 
service programs. After reset of interrupt routine is serviced, the program 
is executed from the vector address. 

(2) Zero-Page Subroutine Area $0000 to $003F 

Maximum Locations $0000 through $OFFF are reserved for ROM data. P instruc- 
tion allows to branch to the subroutine. 

(3) Pattern Area $0000 to $07FF (HMCS402C/CL/AC, HMCS412C/CL/AC) 

$0000 to $OFFF (HMCS404C/CL/AC, HMCS408C/CL/AC , 
HMCS414C/CL/AC) 

Maximum locations $0000 through $OFFF are reserved for ROM data. P in- 
struction allows referring to the ROM data as a pattern. 

(4) Program Area — $0000 to $07FF (HMCS402C/CL/AC , HMCS412C/GL/AC) 

$0000 to $OFFF (HMCS404C/CL/AC, HMCS414C/CL/AC) 
$0000 to $1FFF (HMCS408C/CL/AC) 
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Vector Address 


$0000 



1 


JMPL Instruction 
(Jump to RESET Routine) 


$0000 
$0001 


15 






$000F 


2 


JMPL Instruction 


$0002 


16 






$ 0010 


3 


(Jump to INTo Routine) 


$0003 






Zero-Page Subroutine 
(64Words) 


\ 

\ 


4 

5 


JMPL Instruction 
(Jump to INTi Routine) 


$0004 
$0005 


63 




$003F 


6 


JMPL Instruction 


$0006 


64 




$0040 


7 


(Jump to TIMER-A Routine) 


$0007 




Program 




8 


JMPL Instruction 


$0008 




Pattern 




9 


(Jump to TIMER-B Routine) 


$0009 




(2048 Words) 




10 




$000A 


2047 




$07FF 






$0008 




\ 
\l3 


JMPL Instruction 
(Jump to SERIAL Routine) 


$OO0C 
$0000 


2048 




$0800 




Not Used 




14 




$000E 


16383 




$3FFF 


lb 




$000F 



HMCS402C/AC/CL 










$0000 





JMPL Instruction 


$0000 






Vector Address 




1 


(Jump to RESET Routine) 


$0001 


15 






$000F 


2 


JMPL Instruction 


$0002 


16 






$0010 


3 


(Jump to INTo Routine) 


$0003 






Zero-Page Subroutine 
(64Words) 


\ 


4 

5 


JMPL Instruction 
(Jump to INTi Routine) 


$0004 
$0005 


63 




$003F 


6 


JMPL Instruction 


$0006 


64 




$0040 


7 


(Jump to TIMER-A Routine) 


$0007 




Program 




8 


JMPL Instruction 


$0008 




Pattern 




9 


(Jump to TIMER-B Routine) 


$0009 




(4096Words) 




10 




$0OOA 








\ 




$0OOB 


4095 




$0FFF 


\ 


JMPL Instruction 


$0OOC 


4096 




$1000 






Not Used 




\l3 


(Jump to SERIAL Routine) 


$0000 








14 




$0OOE 


16383 




$3FFF 


lb 




$0OOF 



HMCS404C/CL/AC 



Fig. 2-1 ROM Memory Map 
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^5 . 
16 



63. 
64 



4095 
4096 ' 



8191 
8192 ' 



Vector Address 



Zero-Page Subroutine 
<64Words) 



Pattern 

(4096 Words) 



Program 
{8192W6r?ls) 



$0000 





JMPL Instruction 


$0000 




1 


(Jump to RESET Routine) 


$0001 


SOOOF 


2 


JMPL Instructiojn 


$0002 


$0010 

\ 


3 


(Jump to INTo Routine) 


$0003 


\ 


4 


JMPL Instruction 


$0004 


\ 


5 


(Jump to INTi Routine) 


$0005 


$003F 


6 


JMPL Instruction 


$0006 


$0040 


7 


(Jump to TIMER- A Routine) ' 


$0007 




8 


JMPL Instruction 


$0008 




9 


(Jump to TIMER- B Routine) 


$0009 


$0FFF \ 


10 




$000A 


$1000 






$0008 




\ 


JMPL Instruction 


$000C 




\l3 


(Jump to SERIAL Routine) 


$0000 




14 




$000E 


$1FFF 


1^ 




$000F 



HMCS408C/CL/AC 








Vector Address 


$0000 



1 


JMPL Instruction 
(Jump to RESET Routine) 


$0000 
$0001 


15 






SOOOF 


2 


JMPL Instruction 


$0002 


16 






$0010 


3 


(Jump to INTo Routine) 


$0003 






Zero-Page Subroutine 
(64Words) 




4 


JMPL Instruction 


$0004 








5 


(Jump to INTi Routine) 


$0005 


63 




$003F 


6 




$0006 


64 




$0040 


7 




$0007 




Program 




8 


JMPL Instruction 


$0008 




Pattern 




9 


(Jum0 to TIMER-B Routine) 


$0009 




(2048 Words) 




10 




$000A 












$0008 








\ 




$000C 








\l3 




$0000 








14 




SOOOE 


2047 




$07FF 


1^ 




SOOOF 


2048 


Not Used 


$0800 








16383 




$3FFF 









HMCS412C/CL/AC 



Fig. 2-1 ROM Memory Map 
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16 



63 
64 







$0000 





JMPL Instruction 


$0000 




Vector Address 




1 


(Jump to RESET Routine) 


$0001 






$000F 


2 


JMPL Instruction 


$0002 






$0010 


3 


(Jump to INTo Routine) 


$0003 




Zero-Page Subroutine 
(64Words) 


\ 
\ 


4 

5 


JMPL Instruction 
(Jump to INTi Routine) 


$0004 
$0005 




$003F 


6 




$0006 




$0040 


7 




$0007 


Program 




8 


JMPL Instruction 


$0008 


Pattern 




9 


(Jump to TIMER-B Routine) 


$0009 


(4096 Words) 




10 




$000A 










$0008 






\ 




$000C 






\l3 




$0000 






14 




$000E 




$OFFF 


1^ 




$000F 




$ 1000 








Not Used 


$ 3FFF 









HMCS414C/CL/AC 



Fig. 2-1 ROM Memory Map 

2.2 RAM Memory Map 

The MCU includes RAM as the data area and stack area. In addition to these 
areas, interrupt control bits and special function registers are a:lso mapped 
on the RAM memory space. Table 2-2 shows the RAM capacity of each family. 
RAM memory map is illustrated in Fig. 2-2 and described in the following 
paragraphs. 

Table 2-2 Capacity of HMCS400 Series RAM 





Family 




RAM Capacity 


HMCS402C, 


HMCS402CL, 


HMCS402AC 


160 digits 


X 


4 


bits 


HMCS404C, 


HMCS404CL, 


HMCS404AC 


256 digits 


X 


4 


bits 


HMCS408C, 


HMCS408CL, 


HMGS408AC 


512 digits 


X 


4 


bits 


HMCS412C, 


HMCS412CL, 


HMCS412AC 


160 digits 


X 


4 


bits 


HMCS414C, 


HMCS414CL, 


HMCS414AC 


160 digits 


X 


4 


bits 



(1) Interrupt Control Bit Area - — $000 to $003 

This area is used for interrupt controls, and is illustrated in Fig. 2-3. 
It is accessable only by RAM bit manipulation instruction. However, the 
interrupt request flag cannot be set by software. 



HITACHI 



(2) Special Function Registers Area $004 to $00B 

The Special Function Registers are the mode or data registers for the 
external interrupt , the serial interface, and the t imer /counter . These 
registers are classified into three types: Write-only, Read-only, and Read/ 
Write as shown in Fig. 2-2. These registers cannot be accessed by RAM bit 
manipulation instruction. 

(3) Data Area — $020 to $07F (HMCS402C/CL/AC, HMCS412C/CL/AC, HMCS414C/CL/AC) 

$020 to $ODF (HMCS404C/CL/AC) 

$020 to $1DF (HMCS408C/CL/AC) 
16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown in 
Fig. 2-4. 

(4) Stack Area $3C0 to $3FF 

Locations $3C0 through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when inter- 
ruption is serviced. This area can be used as 16 nesting level stack which 
one level requires 4 digits. A save condition is shown in Fig. 2-4. The 
program counter is restored by RTN and RTNI instructions. Status and Carry 
are restored only by RTNI instruction. The area, not used for stacking, is 
available as a data area. 
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(1) HMCS402C/CL/AC 
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Fig. 2-2 RAM Memory Map 








$ 000 









$000 


31 


RAM-mapped Registers 


$01F 


1 
2 


Interrupt Control Bits 




$001 
$002 


32 


Memory Registers(MR) 


$ 020 

\ 

$02F 


3 






$003 


47 


4 


Port Mode Reg. (PMR) 


W 


$004 


48 




$ 030 


5 


Serial Mode Reg. (SMR) 


W 


$005 




Data 
(192Digits) 




6 


Serial Data Reg. Lower (SRL) 


R/W 


$006 






7 


Serial Data Reg. Upper (SRU) 


R/W 


$007 






8 


Timer Mode Reg. A (TMA) 


W 


$ 008 








9 


Timer Mode Reg. B (TMB) 


w 


$009 


223 




$0DF N 




(TCBL/TLRL) 


R/W 


$00A 


224 




$0E0 


\ ""^ 


- TIMER-B 

(TCBU/TLRU) 


R/W 


$00B 




Not Used 




\ 12 






$ ooc 


959 




$3BF 




Not Used 






960 


Stack 


$3C0 


31 




$01F 


1023 


(64Digits) 


$3FF 











R :Read Only 
W :Write Only 
R/W: Read /Write 



* Two registers are mapped on same address. 



Timer/Event Counter B Lower ' p 
(TCBL) " 


Timer Load Reg. Lower 1 

(TLRL) 1 vv 


Timer/Event Counter B Upper [ p 
(TCBU) , " 


Timer Load Reg. Upper i^, 
ITLRU) !^ 



$00A 
$00B 



(2) HMCS404C/CL/AC 
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Fig. 2-2 RAM Memory Map 
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* Two registers are mapped on same address. 



Timer/Event Counter B Lower | p 
(TCBL) j " 


Timer Load Reg. Lower 1 

(TLRL) j W 


Timer/Event Counter B Upper j « 
(TCBU) 1 


Timer Load Reg. Upper i 
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(4) HMCS412C/CL/AC, HMCS414C/CL/AC 
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$00B 



Fig. 2-2 RAM Memory Map 
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Stack Pointer 

(Note) Each bit in Interrupt Control Bits Area isset by SEM/SEMO instruction, is reset by REM/REMD instruction and is tested by TM/TMO 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMO instruction. 
The content of Status becomes invarid when "Not Used" bit is tested. 



(1) HMCS402, HMCS404, HMCS408 



Fig. 2-3 Configuration of Interrupt Control Bit Area 
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Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 

Each bit in the interrupt control bits area is set by the SEM/SEMD instruction, is reset by the REM/REMD instruction, and 
is tested by the TM/TMD instruction. It is not affected by other instructions. Furthermore the interrupt request flag is not 
affected by the SEM/SEMD instruction. 

The content of status becomes invalid when "Not Used" bit and RSP bit are tested by a TM or TMD instruction. 



(2) HMCS412, HMCS414 



Fig. 2-3 Configuration of Interrupt Control Bit Area 
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Note) 1. As the HMCS402/HMCS412 have 2k ROM version, PCu, PC12 , PC13 are not 
used. 

2. As the HMCS404/HMCS414 have 4k ROM version, PC 12 , PC 13 are not used. 

3. As the HMCS408 have 8k ROM version, PC13 is not used. 



Fig. 2-4 Configuration of Memory Register, Stack Area and Stack Position 
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2.3 Registers and Flags 



The MCU has nine registers and two flags for the CPU operations. They are 
illustrated in Fig. 2-5 and described in the following paragraphs. 

(1) Accumulator (A), B Register (B) 

The 4-bit registers Accumulator and B Register are used to hold the results 
of Arithmetic Logic Unit (ALU), and to transfer data to/from memories , I/O, 
and other registers. 

(2) W Register (W), X Register (X), Y Register (Y) 

W Register is 2-bit, and X and Y Registers are 4-bit registers used for 
indirect addressing of RAM. Y Register is also used for D-port addressing. 
W Register is a write-only register. For details, see "8.1 Precautions on 
Using W Register". 

(3) SPX Register (SPX), SPY Register (SPY) 

The 4-bit registers SPX and SPY Registers are used to assist X and Y 
Register respectively. 

(4) Carry (CA) 

The Carry (CA) stores the overflow of ALU generated by the arithmetic 
operation. It is also affected by SEC, REC, ROTL and ROTR instructions. 

During interrupt is serviced. Carry is pushed onto the stack and restored 
by RTNI instruction (not by RTN instruction). 

(5) Status (ST) 

The Status (ST) latches and overflow and Not Zero generated from ALU, 
results of bit test. It is a branch condition of BR, BRL, CAL or CALL 
instructions. The value of the Status remains unchanged until the next 
arithmetic compare of bit test instruction is executed. Status becomes "1" 
after the BR, BRL, CAL or CALL instruction is executed irrespectively whether 
it is executed or skipped. During the interrupt servicing, Status is pushed 
onto the stack and restored back from the stack by RTNI instruction (not by 
RTN instruction). 

(6) Program Counter (PC) 

The Program Counter is a 14-bit binary counter which controls the sequence 
in which the instructions stored in ROM are executed. 
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(7) Stack Pointer (SP) 

The 10-bit Stack Pointer contains the address at which the last data was 
pushed onto the stack. 

The Stack Pointer is initialized to locate $3FF on the RAM address, and 
is decremented by 4 when data is pushed onto the stack, and incremented by 
4 when data is restored back from there. Upper 4 bits of the Stack Pointer 
are fixed to "1111", so that the stack can be used up to 16 levels. 

The Stack Pointer is initialized to $3FF in two ways; one is MCU reset 
and the other is to reset RSP bit by REM or REMD instruction. 




□ 



Program 
Counter 



Fig. 2-5 Registers and Flags 
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2.4 Interrupt 



Maximum interrupt sources are five available on the MCU: External Request 
(Into, INTi), Timer/Counter (TIMER~A, TIMER-B) , and Serial Port (SERIAL). 
For each source, the Interrupt Request Flag (IF), Interrupt Mask (IM) and 
interrupt vector addresses are provided to control and maintain and interrupt 
request. The Interrupt Enable Flag (I/E) is also used to control the total 
interrupt operations. 

(1) Interrupt Control Bits and Interrupt Service 

The interrupt control bits are mapped on $000 through $003 of the RAM 
space and are accessable by RAM bit manipulation instruction. (The Inter- 
rupt Request Flag (IF) cannot be set by software.) The Interrupt Enable 
Flag (I/E) and IF are set to "0", and the Interrupt Mask (IM) is set to "1" 
at initialization by MCU reset. 

Fig. 2-6 is a block diagram of the interrupt control circuits. Table 2-3 
shows the interrupt priority and vector addresses, and Table 2-4 shows the 
interrupt conditions corresponding to each interrupt source. The interrupt 
request is generated when the IF is set to "1" and IM is "0". If the I/E is 
"1" at this time, the interrupt will be activated and vector addresses will 
be generated from the priority PLA corresponding to the five interrupt sources. 

Fig. 2-7 shows the interrupt service sequence, and Fig. 2-8 shows the 
interrupt service flowchart. If the interrupt is requested, the instruction 
being executed finishes in the first cycle. The I/E is reset in the second 
cycle. In the second and third cycles, the Carry, Status and Program Counter 
are pushed onto the stack. In the third cycle, the instruction is re-executed 
after jumping to the vector address. 

In each vector address, program JMPL instruction to branch to a starting 
address of the interrupt service program. The IF which caused the interrupt 
service has to be reset by software in the interrupt service program. 
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Fig. 2-6 Interrupt Circuit Block Diagram 
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Table 2-3 Vector Address and Interrupt Priority 



(1) HMCS402, HMCS404, HMCS408 



(2) HMCS412, HMCS414 
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Table 2-4 Conditions of Interrupt Service 
(1) HMCS402, HMCS404, HMCS408 
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(2) HMCS412, HMCS414 
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Fig. 2-7 Interrupt Servicing Sequence 
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Fig. 2-8 Interrupt Servicing Flowchart 
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Fig. 2-8 Interrupt Servicing Flowchart 
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(2) Interrupt Enable Flag (I/E:$000, bit 0) 

The Interrupt Enable Flag controls enable /disable of interrupt requests 
from the sources as shown in Table 2-5. It is reset by the interrupt servic- 
ing and set by RTNI instruction. 



Table 2-5 Interrupt Enable Flag 



Interrupt Enable Flag 


Interrupt Enable/Disable 





Disable 


1 


Enable 



(3) External Interrupts (INTq, INT]) 

The external interrupt request inputs (INTq, INT^) can be selected by the 
Port Mode Register (PMR:$004). Setting the bit 3 and bit 2 of PMR causes 
R33/INT1 pin and R32/INT0 pin to be used as INT^ pin and INTq pin respectively. 

The External Interrupt Request Flags (IFO, IFl) are set at the falling edge 
of INTq, WT^ inputs. (Refer to Table 2-6). 

INTi input can be used as a clock signal input of TIMER-B. Then, TIMER-B 
counts up at each falling edge of input. When using INT^ as TIMER-B external 
event, and External Interrupt Mask (IMl) has to be set so that the interrupt 
request by INTi will not be accepted. (Refer to Table 2-7.) 

Table 2-6 External Interrupt Request Flag 

External Interrupt Request Flags Interrupt Requests 

No 

1 Yes 



Table 2-7 External Interrupt Mask 

External Interrupt Masks Interrupt Requests 

Enable 

1 Disable (masks) 

(4) External Interrupt Request Flags (IFO:$000 bit 2, $001 bit 0) 

The External Interrupt Request Flags (IFO, IFl) are set at the falling 
edge of INTq, INT]^ inputs respectively. 

(5) External Interrupt Masks (IMO:$000 bit 3, $001 bit 1) 

The External Interrupt Masks are used to mask the external interrupt 
requests. 
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(6) Port Mode Register (PMR:$004) 

The Port Mode Register is a 4-bit write-only register which controls the 
R32/INT0 pin, R33/INT1 pin, R4X/SI pin and R42/SO pin as shown in' Table 2-8. 
The Port Mode Register will be initialized to $0 by MCU reset, all these pins 
are therefore used as ports. 



Table 2-8 Port Mode Register 



PMR 


R33/INT, pin 


bit 3 





Used as R33 port input/output pin 


1 


Used as INTi input pin 




PMR 


R32/INT0 pin 


bit 2 





Used as R32 port input/output pin 


1 


Used as INTq input pin 




PMR 


R4,/SI pin 


bit 1 





Used as R41 port input/output pin 


1 


Used as SI input pin 




PMR 


R42/S0pin 


bitO 





Used as R42 port input/output pin 


1 


Used as SO output pin 



2.5 Serial Interface 

The serial interface is used to transmit /receive 8-bit data serially. This 
consists of the Serial Data Register, the Serial Mode Register, the Octal 
Counter and the multiplexer as illustrated in Fig. 2-9. Pin R40/SCK and the 
transfer clock signal are controlled by the Serial Mode Register. The 
contents of the Serial Data Register can be written into or read out by 
software. The data in the Serial Data Register can be shifted synchronously 
with the transfer clock signal. 

STS instruction is used to initiate serial interface operations and to 
reset the Octal Counter to $0. The counter starts to count at the falling 
edge of the transfer clock (SCK) signal and increments by one at the rising 
edge of the SCK. When the Octal Counter is reset to $0 after eight transfer 
clock signals, or when a transmit /receive operation is discontinued by reset- 
ting the Octal Counter, the SERIAL Interrupt Request Flag will be set. 
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Fig. 2-9 Serial Interface Block Diagram 



(1) Serial Mode Register {SMR:$005) 

The 4-bit write-only Serial Mode Register controls the R40/SCK, prescaler 
divide ratio, and transfer clock source as shown in Table 2-9. 

The Write Signal to the Serial Mode Register controls the operating state 
of the serial interface. 

The Write Signal to the Serial Mode Register stops the Serial Data Register 
and Octal Counter from applying transfer clock, and it also resets the Octal 
Counter to $0 simultaneously. Therefore, when the Serial Interface is in the 
"Transfer State", the Write Signal causes the Serial Mode Register to case 
the data transfer and to set the SERIAL Interrupt Request Flag. 

Contents of the Serial Mode Register will be changed on the second 
instruction cycle after writing into the Serial Mode Register. Therefore, 
it will be necessary to execute the STS instruction after the data in the 
Serial Mode Register has been changed completely. The Serial Mode Register 
will be reset to $0 by MCU reset. 

(2) Serial Data Register (SRL:$006, SRU:$007) 

The 8-bit read/write Serial Data Register consists of a low-order digit 
(SRL:$006) and a high-order digit (SRU:$007). 

The data in the Serial Data Register will be output from the SO pin, from 
LSB to MSB, synchronously with the falling edge of the transfer clock signal. 
At the same time, external data will be input from the SI pin to the Serial 
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Data Register, to MSB first, synchronously with the rising edge of the 
transfer clock. Fig. 2-10 shows the I/O timing chart for the transfer 
clock signal and the data. 

The read/write operations of the Serial Data Register should be performed 
after the completion of data transmit /receive. Otherwise the data may not 
be guaranteed. 



Table 2-9 


Serial Mode Register 


SMR 


R40/SCK 


Bit 3 





Used as R40 port input/output pin 


1 


Used as SCK input/output pin 



SMR 


Transfer Clock 


Bit 2 


Bit 1 


BitO 


R40/SCK Port 


Clock Source 


Prescaler 
Divide 
Ratio 


System Clock 
Divide 
Ratio 











Output 


Prescaler 


^2048 


^4096 








1 


SCK 
Output 


Prescaler 


^ 512 


^ 1024 





1 





SCK" 
Output 


Prescaler 


^ 128 


^ 256 





1 


1 


SCK 
Output 


Prescaler 


^ 32 


^ 64 


1 








SCK 
Output 


Prescaler 


V 8 


^ 16 


1 





1 


SCK 
Output 


Prescaler 


^ 2 


■5- 4 


1 


1 





SCK 
Output 


System 
Clock 




1 


1 


1 


1 


SCK 
Input 


External 
Clock 







(3) Serial Interrupt Request Flag (IFS:$003 bit 0) 

The Serial Interrupt Request Flag will be set when the Octal Counter 
counts eight transfer clock signals, or when data transfer is discontinued 
by resetting the Octal Counter. Refer to Table 2-10. 

(4) Serial Interrupt Mask (IMS:$003 bit 1) 

The Serial Interrupt Mask masks the interrupt request. Refer to Table 
2-11. 

(5) Selection and Change of the Operation Mode 

Table 2-12 shows the serial interface operation modes which are determined 
by a combination of the value in the Port Mode Register and that in the 
Serial Mode Register. 

Initialize the serial interface by the Write Signal to the Serial Mode 
Register j when the Operation Mode is changed. 
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Fig. 2-10 Serial Interface I/O Timing Chart 



Table 2-10 SERIAL Interrupt Request Flag 



SERIAL Interrupt Request Flag 


Interrupt Request 





No 


1 


Yes 


Table 2-11 SERIAL 


Interrupt Mask 


SERIAL Interrupt Mask 


Interrupt Request 





Enable 


1 


Disable (mask) 



1 2 3 4 5 6 7 8 

I H I I I I I 



Table 2-12 Serial Interface Operation Mode 



SMR 


PMR 


Serial Interface Operating Mode 


Bit 3 


Bit 1 


BitO 


1 








Clock Continuous Output Mode 


1 





1 


Transmit Mode 


1 


1 





Receive Mode 


1 


1 


1 


Transmit/Receive Mode 



(6) Operating State of Serial Interface 

The serial interface has three operating states, the STS waiting state, 
SCK waiting state, and Transfer state, as shown in Fig. 2-11. 

The STS waiting state is the initialization state of the serial interface 
internal state. The serial interface enters this state in one of two ways: 
either by changing the operation mode through a change in the data in the 
Port Mode Register, or by writing data into the Serial Mode Register. In 
this state, the serial interface does not operate even if the transfer clock 
is applied. If an STS instruction is executed, the serial interface shifts 
to "SCK waiting state". 
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In this state the falling edge of the first transfer clock causes the 
serial interface shift to "transfer state", while the Octal Counter counts-up 
and the Serial Data Register shifts simultaneously. As an exception, if the 
clock continuous output mode is selected ^ the serial interface stays in 
"SCK waiting state" while the transfer clock outputs continuously. 

The Octal Counter becomes "000" again by 8 transfer clocks or by execution 
of STS instruction, so that the serial interface returns to "SCK waiting 
state", and the Serial Interrupt Request Flag is set simultaneously. 

When the internal transfer clock is selected, the transfer clock output 
is triggered by the execution of an STS instruction, and stops after 8 clocks. 

(7) Example of Transfer Clock Error Detection 

The serial interface functions abnormally when the transfer clock is 
disturbed by external noises. In this case, transfer clock error can be 
detected by the procedure shown in Fig. 2-12. 

If more than 8 transfer clocks are applied in the "SCK waiting state", 
the state of the serial interface shifts as the following sequence: first, 
"transfer state", second, "SCK waiting state" and third, "transfer state" 
again. The Serial Interrupt Flag should be reset before entering into the 
STS state by writing data to SMR, This procedure causes the serial IRF to 
be set again. 




Fig. 2-11 Serial Interface Operation State 
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Yes 


Trantfar Clock 




Error Processing 



Fig. 2-12 Example of Transfer Clock Error Detection 



2.6 Timer 



The MCU contains a prescaler and two timer /counters (TIMER-A, TIMER-B). 
A block diagram is shown in Fig. 2-13. The prescaler is an 11-bit binary 
counter, TIMER-A an 8-bit free-running timer, and TIMER-B an 8-bit auto- 
reload timer /event counter. 



INTERNAL BUS LINE 



TIMER MODE REGISTER B 



trt: 



TIMER-B MPX 



SYSTEM 
CLOCK 



TCBObit) 
TIMER/EVENT COUNTER B 



PRESCALER! libit) 



t f M M M 



TLR(8bit) 

TIMER LOAD REGISTER 


REQUEST FLAG 
OF TIMER-B 




4 


-4 





INTERNAL BUS LINE 



TIMER-A MPX 



TCAlSbit) 

TIMER COUNTER A 



INTERRUPT 
REQUEST FLAG 
OF TIMER-A 



TIMER MODE REGISTER A 



Fig. 2-13 Timer/Counter Block Diagram 

(1) Prescaler 

The input to the prescaler is a system clock signal. The prescaler is 
initialized to $0000 by MCU reset, and it starts to count up the system clock 
signal as soon as RESET input goes to logic "0". The prescaler keeps 
counting up except in MCU reset and stop mode. The prescaler provides clock 
signals to TIMER-A, TIMER-B and the serial interface. The prescaler divide 
ratio of the clock signals are selected according to the contents of the mode 
registers, e.g. Timer Mode Register A (TMA) , Timer Mode Register B (TMB) , 
Serial Mode Register (SMR) . 
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(2) TIMER-A Operation 

After TIMER-A is initialized to $00 by MCU reset, it counts up at every 
clock input signal. When the next clock signal is applied after TIMER-A 
becomes $FF, it will generate an overflow and become $00. This overflow 
causes the TIMER-A Interrupt Request Flag (IFTA:$001 bit 2) to go to "1". 
This timer can function as an interval timer periodically generating overflow 
output at every 256th clock signal input. 

The clock input signals to TIMER-A are selected by the Timer Mode Register 
A (TMA:$008). 

(3) TIMER-B Operation 

Timer Mode Register B (TMB:$009) is used to select the auto-reload func- 
tion, input clock source, and the prescaler divide ratio of TIMER-B. When 
the external event input is used as an input clock signal to TIMER-B, select 
the R33/TNT1 as INTi and set the External Interrupt Mask (IMl) to prevent an 
external interrupt request from occurring. 

TIMER-B is initialized according to the value written into the Timer Load 
Register by software. TIMER-B counts up at every clock input signal. When 
the next clock signal is applied to TIMER-B after it is set to $FF, TIMER-B 
will generate overflow output. In this case, if the auto-reload function is 
selected TIMER-B is initialized according to the value of the Timer Load 
Register, and if it is not selected, TIMER-B goes to $00. The TIMER-B 
Interrupt Request Flag (IFTB:$002 bit 0) will be set at this overflow output. 

(4) Timer Mode Register A (TMA:$008) 

The Timer Mode Register A (TMA) is a 3-bit write-only register. The TMA 
controls the prescaler divide ratio of TIMER-A clock input, as shown in 
Table 2-13. 

The TMA is initialized to $0 by MCU reset. 

(5) Timer Mode Register B (TMB:$009) 

The Timer Mode Register B (TMB) is a 4-bit write-only register which 
controls the selection of the auto-reload function of TIMER-B and the 
prescaler divide ratio, and the source of the clock input signal, as shown 
in Table 2-14. 

The Timer Mode Register B is initialized to $0 by MCU reset. 

The operation mode of TIMER-B is changed at the second instruction cycle 
after writing into the Timer Mode Register B. Initialization of TIMER-B by 
the write instruction to Timer Load Register should be performed after the 
contents of TMB are changed. Configuration and function of Timer Mode 
Register is shown in Fig. 2-14. 
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Table 2-13 Timer Mode Register A 



TMA 


Prescaler Divide Ratio 


Bit 2 


Bit 1 


BitO 













-2048 








1 




-1024 





1 







- 512 





1 


1 




- 128 


1 










- 32 


1 





1 




- 8 


1 


1 







- 4 


1 


1 


1 




- 2 



Table 2-14 Timer Mode Register B 



TMB 


Auto-reload Function 


Bit 3 





No 


1 


Yes 



TMB 


Prescaler Divide Ratio, 


Bit 2 


Bit 1 


BitO 


Clock Input Source 













-2048 








1 




- 512 





1 







- 128 





1 


1 




- 32 


1 










- 8 


1 





1 




- 4 


1 


1 







- 2 


1 


1 


1 


INT, (External Event Input) 



PMR.$004 



PMR3 


PMR2 


PMR1 


PMRO 



TMA: $008 



X 


TMA2 


TMA1 


TMAO 



SMR:$005 



SMR3 


SMR2 


SMR1 


SMRO 



Transfer clock selection 
R40/SCK pin mode selection 



- R^/SO pin mo6e selection 

- R41/SI pin mode selection 

- Rm/INTo pin mode selection 
-R,,/INT, pin mode selection 

TMB:$009 



TMB3 


TMB2 


TMB1 


TMBO 



- TIMER-B input clock selection 
. Auto-reload function selection 



- TIMER-A input clock selection 



Fig. 2-14 Mode Register Configuration and Function 
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(6) TIMER-B (TCBL:$OOA, TCBU:$OOB, TLRL.$OOA, TLRU:$OOB) 

TIMER-B consists of an 8-bit write-only Timer Load Register, and an 8-bit 
read-only Timer /Event Counter. Each of them has a low-order digit (TCBL:$OOA, 
TLRL:$OOA) and a high-order digit (TCBU:$OOB, TLRU.$OOB). (Refer to Fig. 2-2.) 

The Timer /Event Counter can be initialized by writing data into the Timer 
Load Register. In this case, write the low-order digit first, and then the 
high-order digit. The Timer /Event Counter is initialized at the time when 
the high-order digit is written. The Timer Load Register has been initialized 
to $00 by the MCU reset. 

The counter value of TIMER-B can be obtained by reading the Timer/Event 
Counter. In this case, read the high-order digit first, and then the low- 
order digit. The count value of the low-order digit is latched at the time 
when the high-order digit is read. 

(7) TIMER-A Interrupt Request Flag (IFTA:$001 bit 2) 

The TIMER-A Interrupt Request Flag is set by the overflow output of 
TIMER-A. Refer to Table 2-15. 

(8) TIMER-A Interrupt Mask (IMTA:$001 bit 3) 

The TIMER-A Interrupt Mask prevents an interrupt request from being 
generated by TIMER-A Interrupt Request Flag. Refer to Table 2-16. 

(9) TIMER-B Interrupt Request Flag (IFTB:$002 bit 0) 

The TIMER-B Interrupt Request Flag is set by the overflow output of 
TIMER-B. Refer to Table 2-17. 

(10) TIMER-B Interrupt Mask (IMTB:$002 bit 1) 

The TIMER-B Interrupt Mask prevents an interrupt request from being 
generated by TIMER-B Interrupt Request Flag. Refer to Table 2-18. 

Table 2-15 TIMER-A Interrupt Request Flag Table 2-16 TIMER-A Interrupt Mask 



TIMER-A Interrupt 
Request Flag 


Interrupt Request 





No 


1 


Yes 



TIMER-A Interrupt 
Mask 


interrupt Request 





Enable 


1 


Disable (Mask) 



Table 2-17 TIMER-B Interrupt Request Flag 



Table 2-18 TIMER-B Interrupt Mask 



TIMER-B Interrupt 
Request Flag 


Interrupt Request 





No 


1 


Yes 



TIMER-B Interrupt 
Mask 


Interrupt Request 





Enable 


1 


Disable (Mask) 
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2.7 Input/Output 



The MCU has 58 I/O pins, 32 standard pins and 26 high voltage pins. One 
of these circuit types, CMOS, with pull-up MOS, and without pull-up MOS (NMOS 
open drain) can be selected for each standard pin, and one of two circuit 
types, with pull-down MOS and without pull-down MOS (PMOS open drain), can be 
selected for each high voltage pins. Since the pull-down MOS is connected 
to the internal V^isp line, the V^j^gp line must be selected from the RAi/V^jig^ 
pin via mask option when at least one high voltage pin is selected as "With 
pull-down MOS" option. See Table 2-19 as for I/O pin circuit types. 

When every input /output pin is used as an input pin, the mask option and 
output data must be selected in the manner specified in Table 2-20. 

(1) Output Circuit Operation of "With pull-up MOS" Standard Pins 

In the "with pull-up MOS" standard pin option, the circuit shown in Fig. 
2-15 is used to shorten rise time of output. 

When an output instruction is executed, a write pulse will be generated 
and applied to the R port addressed by this instruction. This pulse will 
switch the PMOS (B) to ON and shorten the rise time. In this case, the 
write pulse keeps PMOS in the ON state for one-eighth of the instruction 
cycle time. While the write pulse is "0", a high output level is maintained 
by the pull-up MOS (C) . 

As the HI?f signal becomes "0" in stop mode, MOS (A) (B) (C) turn OFF. 

(2) D-port 

The D-port is an I/O port which has 16 descrete I/O pins, each of which 
can be addressed independently. It can be set /reset through SED/RED and 
SEDD/REDD instructions, and can be tested through TD and TDD instructions. 
See Table 2-19 as for the classification of standard pin, high voltage pin 
and the I/O pin circuit types. 

(3) R-portS 

The R-ports are 4-bit I/O ports. The eleven R-ports in HMCS408 are 
composed of 20 I/O pins, 16 output-only pins, and 6 input-only pins. Data 
is input through LAR and LBR instructions and output through LRA and LRB 
instructions. The MCU will not be affected by writing into the input-only 
and/or non-existing ports, while invalid data will be read by reading from 
the output-only and/or non-existing ports. 

The R32, R33, R40, R41, and R42 pins are multiplexed with the INTq, INT^, 
SCK, SI, and SO pins respectively. See Table 2-19 as for the classification 
of standard pins, high voltage pins and selectable circuit types of I/O pins 
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Pull up MOS (C) 
M3 



T T "* 



PMOS(B) 




^^^^ Features 
Buffer 


ON Resistance Value 


HMCS402C/AC,HMCS404C/AC 


HMCS402CL,HMCS404CL 


Ml 


approx. 250^^ 


approx. IkQ. 


M2 


approx. IkQ, 


approx. 5kQ 


M3 


approx. AOkQ 
to 160k!^ (Vcc^^V) 


approx. 75k^^ to lM^^(Vcc=3V) 
approx. 40kS7 to 160k^^(Vcc=3V) 



^^v,,^^^ Features 
Buffer 


ON Resistance Value 


HMCSAO8C, HMCS408AC 
HMCS412C, HMCS412AC 
HMCS414C, HMCS414AC 


HMCS408CL 
HMCS412CL 
HMCS414CL 


Ml 


approx. 250^2 


approx. IkQ 


M2 


approx. Ikfi 


approx. 1.7kfi 


M3 


approx. 30k^2 
to leOkQ (Vcc=3V) 


approx. 60kJ^ to lMfi(Vcc-3V) 
approx. 30k^^ to 160kQ(Vcc=5V) 



1 Instruction cycle 



Output instruction execution 



Write pulse 



Fig. 2-15 Output Circuit Operation of Standard Pins with "with Pull-up MOS" Option 
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Table 2-19 I/O Pin Circuit Type 

(1) HMCS402/HMCS404/HMCS408 I/O Pin Circuit Type 





Without pull-up MOS 
(NMOS open drain) 


With pull-up MOS 
(B) 


CMOS (C) 


Applied 
pins 


Standard pins 


I/O 

common 
pins 


^LT -f~"Vy_ input 
j 1 — data 

nA^.._i. output 


o 


HLT-4— N i 
1 1— ^ 


nput 
Jata 

write 
pulse 


a 


^'-^H~~\y- input 


Do ~D3, 
Rao ~R33, 

R40 '"-R43, 

Rso ~Rs3 




data 


raroC V*- output 


Output 
pins 


\£ data 


Vcc 1 Vcc 


write 
1 pulse 

output 

data 


Vcc 

data 


R60'*'R63 . 
R70'^R73 1 

Rro'^Rss 


Input 
pins 


^ data 


Vcc 

W ' — data 




R90'^R93 





Without pull-down MOS 
(PMOS open drain) (D) 


With pull-down MOS (E) 


Applied pins 


High voltage pins 


I/O 

common 
pins 


Vcc 

V^"^C3-— output 
data 

1 MLT-r>- input 
• — ^ data 


a 


Vcc 

^f"^C3-~ output 
— — 1 data 

Vdisp HLT ■r^Jc>- input 
' — ^ data 


04-^015. 

Rio'*'Ri3. 

R20'^Rj3 


Output 
pins 


Vcc 

^KDZoitlut 


Vcc 

^ i"^C-J-- output 

o — -\ 

VccIP 
Vdisp 


Roo'^R03 


Input 
pins 


O 5ElZ[>-inP;t 


o — ^i>-r^ 

Vcc^fJ 
Vdisp 


Rao 


^'■^ "i \>— input 
KJ ^ data 







(Note) In the stop mode. HLT signal is "0" and I/O pins are in high impedance state, (to be continued) 
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Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) 



With pull-up MOS (B) 



Applied pins 



I/O 

common 
pins 



o- 



HLT+m6de select 



internal SCK 




internal SCK 



SCK (Note 2) 
(OUTPUT MODE) 



Output 
pins 



-hTt 




SO 



Input 
pins 



cw>- 

L-HLT 



0—T>- 

Lhlt 



INTO , 
INTi. 
SI 

SCK (Note 2) 
(INPUT MODE) 



(Note 1) In the stop mode, HLT signal is "0", HLT signal is "1" and I/O pins 
are in high impedance state. 

(Note 2) If the MCU is interrupted by serial interface in the external clock 

input mode, the SCK terminal becomes input only. 



Table 2-20 Data Input from Input/Output Common Pins 



I/O pin circuit type 


Possibility 
of Input 


Available pin condition 
for input 


Standard 
pins 


CMOS 


No 




Without pull-up 
MOS 

(NMOS open drain) 


Yes 


"1" 


With pull-up MOS 


Yes 


"1" 


High 

voltage 

pins 


Without pull-down 
MOS 

(PMOS open drain) 


Yes 


"0" 


With pull-down 
MOS 


Yes 


"0" 



Table 2-19 I/O Pin Circuit Type 

(2) HMCS412/HMCS414 I/O Pin Circuit Type 



Without pull-up MOS 
(NMOS open drain) (A) 



With pull-up MOS 
(B) 



CMOS (C) 



Applicable 
pins 



I/O 

Common 
Pins 



HLT-l—N Input 



data 



— LJ* — data 



Output 
data 





D0-D3 
R3o 

R4o-R4. 



Without pull -down MOS 
(PMOS open drain) (D) 



With pull-down MOS (E) 



Applicable 
pins 



I/O 

Common 
Pins 



Vcc 



Vcc 



Output 
data 



HLJ-T-V- Input 
1 <r c 



a 



'data 



jj^ji^--]— HLT 
— I — Output 



data 



Vcc , 

Vdisp HLT-(—>u Input 
1 — data 



D4-D14 

RI0-RI3 

R2o-R23 



Output 
Pins 



Vcc 



Output 
data 




Output 
data 



ROo -RO3 



Input 
Pins 



^ Input 
' data 



RAi 





Without pull-up MOS (NMOS open drain) 
or CMOS (A or C) 


With pull-up MOS (B) 


Applicable 
pins 


1 Standard Pins 1 


Input 
Pins 


O T> Input 

F- ^ data 
L-HLT 


O — r^'io — '"P"^ 

^ rL^ data 
1- HLT 


INTo 
iNTi 



Note: In the stop mode, HLT signal is 0, HLT signal is 1 and I/O pins are in high impedance state. 
I/O Pin Circuit Type input Possible 



Input Pin State 



Standard Pins 


CMOS 


No 






Without pull-up MOS 
(NMOS open drain) 


Yes 


1 




With pull-up MOS 


Yes 


1 


High Voltage Pins 


Without pull-down MOS 
(PMOS open drain) 


Yes 






With pull-down MOS 



Yes 
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2.8 Reset 



The MCU is reset by bringing the RESET pin high. At power ON, when 
cancelling Stop Mode, the reset must satisfy tRc for the oscillator to 
stabilize. In all other cases, at least two instructions cycles are required 
for the MCU to be reset. 

Table 2-21 shows the parts to be initialized by MCU reset and the status 
of each after the reset has been carried out. 



Table 2-21 Initial Value by MCU Reset 



Items 


Initial value by 
MCU reset 


Contents 


Program counter (PC) 




CAcuuic ^rvyi dill iiuiii iiic ui fiv^ivi aviuivsa. 


Status (ST) 


"1" 


Enable to branch with conditional branch instructions. 


Stack pointer (SP) 


$3FF 


Stack level is 0. 


I/O pin 

output register 


Standard pin 


(A) Without pull- 
up MOS 


"1" 


Enable to input. 


(B) With pull-up 
MOS 


"1" 


Enable to input 


(C) CMOS 


"1" 




High voltage 
pin 


(D) Without pull- 
down MOS 


"0" 


Enable to input. 


(E) With pull- 
down MOS 


"0" 


Enable to input. 


Interrupt flag 


interrupt Enable Flag (l/E) 


"0" 


Inhibit all interrupts. 


Interrupt Request Flag (IF) 


"0" 


No interrupt request. 


Interrupt Mask (IM) 


"1" 


Mask interrupt request. 


Mode register 


Port Mode Register (PMR) 


"0000" 


See Item "Port Mode Register". 


Serial Mode Register (SMR) 


"0000" 


See Item "Serial Mode Register". 


Timer Mode Register A (TMA) 


"000" 


See Item "Timer Mode Register A". 


Timer Mode Register B (TMB) 


"0000" 


See Item "Timer Mode Register B". 


Timer/Counter, 
Serial interface 


Prescaler 


$000 




Timer/Counter A (TCA) 


$00 




Timer/Event Counter 8 (TCB) 


$00 




Timer Load Register (TLR) 


$00 




Octal Counter 


"000" 





(Note) MCU reset affects to the rest of registers as follows: 



Item 


After recovering from STOP mode 
by MCU reset 


After MCU reset except for 
the left condition 


Carry (CA) 


The contents of the items before 
MCU reset are not retained. 
It is necessary to intialize them 
by software again. 


The contents of the items before 
MCU reset are not retained. 
It is necessary to initialiiie them 
by software again. 


Accumulator (A) 


B Register (B) 


W Register <W) 


X/SPX Regitten (X/SPX) 


Y/SPY Registers (Y/SPY) 


Serial Data Register (SR ) 


Same as above 


Same as above 


RAM 


The contents of RAM before MCU 
reset (just before STOP instruction) 
are retained. 


Same as above 
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2.9 Internal Oscillator Circuit 



Fig. 2-16 outlines the internal oscillator circuit. Through mask option, 
either crystal oscillator or ceramic filter oscillator can be selected as the 
oscillator type, as shown in Table 2-22, and refer to Table 2-23 for selection 
of the type. In addition, see Fig. 2-17 for selection of layout of crystal or 
ceramic filter. In all cases, external clock operation is available. On the 
HMCS408C, three divide ratios, 1/16, 1/8, and 1/4, are selectable via mask 
option. 



osci(g) 

0SC2 Q) 



Oscillator 
(Selectable 
with mask 
options) 



Divider 
circuit 
(Selectable 
with mask 
options) 



Timing 

generator 

circuit 



System 
clock 



Fig. 2-16 Internal Oscillator Circuit 
Table 2-22 Internal Oscillation Circuit Mask Option 







HMCS402C, 
HMCS404C 


HMCS402AC, 
HMCS404AC 


HMCS402CL, 
HMCS404CL 




Crystal 





o 


o 


Oscillator 


Ceramic 


o 


o 


o 




Resistor 









Divider 


1/8 





o 


o 
















HMCS408C 
HMCS412C 
HMCS414C 


HMCS408CL 
HMCS412CL 
HMCS414CL 


HMCS408AC 
HMCS412AC 
HMCS414AC 


Oscillator - 


Crystal 


o 


o 


o 


Ceramic 


o 


o 


o 




1/16 









Divider 


1/8 


o 


o 






1/4 


o 





o 
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Table 2-23 Examples of Oscinator Circuit 



\ 


Circuit configuration 


circuit constants 


HMCS402C, 
HMCS4U4C 


HMCS402CL, 
HMCS404CL 


HMCS402AC , 
HMCS4U4AC 


External 

clock 

operation 


OS 


cillat 
Open— 


or . ■ ■ . 
OSCj 

OSC2 








Resistor 
oscillator 




osc^ 
0SC2 


Rf=20kQ±20% 






Ceramic 

filter 

oscillator 


Ceramic 
filter 

Q 


Cl 1 

HI r t psc^ 

* * |0SC2 


Ceramic filter 

CSA4.00MG 

(Murata) 

Rf :1MQ±20% 

Cj^;30pF±20% 

C2:30pF±20% 


Ceramic filter 

CSA2.000MK 

(Murata) 

Rf :M±20% 

Ci:30pF±20% 

C2:30pF±20% 


Ceramic filter 

CSA6 . OOMG 

(Murata) 

Rf :1M^^±20% 

Ci:30pF±20% 

C2:30pF±20% 


Crystal 
oscillator 


Crystal 

7 

G 
M 
rt 

OSCj- 


rH^Hyj^OSCi 
— " ^ * 0SC2 

r cut parallel 
jsonance crystal 

■f?^l'X}-0SC2 

Co 


Rf ;M±20% 

Ci:10^22pF±20% 

C2:10^22pF±20% 

Crystal : 

equivalent 

circuit to the 

left 

Cq : 7pF max. 
Rs:60l>^ max. 
f :2,0'X'4.5MHz 




Rf :lMfi±20% 

Ci:10'v^22pF±20% 

C2:10'^^22pF±20% 

Crystal: 

equivalent 

circuit to the 

left 

Co:7pF max. 
Rs:100R max. 
f : 2 . 0'\^6 . 2MHz 


Crystal 

777 

GN 
Gl 
re 

OSC^- 


^1 r 

_,j_Lwvl-|oSC2 
C2 Rd 1 

D 

cut parallel 
sonance crystal 

J L Cl Rs ^0SC2 

Co 




Rf :2M^^±20% 

Cx:10^22pF±20% 

C2:10'\>22pF±20% 

Crystal; 

equivalent 

circuit to the 

left 

Co : 7pF max . 
Rs: 100^2 max. 
f: 2. 0^2. 25MHz 





(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters 
are the one recommended by crystal or ceramic filter maker. The circuit 
parameters are changed by crystal, ceramic filter resonator and the floated 
capacitance in designing the board. In employing the resonator, please 
consult with the engineers of crystal or ceramic filter maker to determine 
the circuit parameter. 



(Note 2) Wiring among OSCi, OSC2 and elements should be as short as possible, and 
never cross the other wirings. Refer to the recommendable layout of 
crystal and ceramic filter. 
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Table 2-23 Examples of Oscillator Circuit 



Circuit configuration 



Circuit constants 



HMCS408C 
HMCS412C 
HMCS414C 



HMCS408CL 
HMCS412CL 
HMCS414CL 



HMCS408AC 
HMCS412AC 
HMCS414AC 



External 

clock 

operation 



Oscillator 



Open- 



Geramic 

filter 

oscillator 




Ceramic filter 

CSA4.00MG 

CSA2.000MK 

(Murata) 

Rf :1M^^±20% 

Ci: 30pF±20% 

C2: 30pF±20% 



Ceramic filter 

CSA2.000MK 

CSA4.00MG 

(Murata) 

Rf :1M^±20% 

Ci:30pF±20% 

C2:30pF±20% 



Ceramic filter 

CSA6.00MG 

(Murata) 

Rf :1M^^±20% 

Ci:30pF±20% 

C2:30pF±20% 



Crystal 
oscillator 



Crystal 



hi 



C2 



-LmoSC2 



GND 

AT cut parallel 
resonance crystal 

l-- pT^pR7f -OSC2 

Co 



Rf :lMf^±20% 

Ci:l(n'22pF±20% 

C2:10^22pF±20% 

Crystal: 

equivalent 

circuit to the 

left 

Co:7pF max. 
Rs:100^^ max. 
f :1.0-4.5MHz 



Rf :1M^^±20% 

Ci:10'\^22pF±20% 

C2:10'\>22pF±20% 

Crystal: 

equivalent 

circuit to the 

left 

Co:7pF max. 

ji 100^2 max. 
f :1.0-4.5MHz 



Crystal 



OSCi 
Rf 

OSC2 



7WC2 
GND 

GT cut parallel 
resonance crystal 
rTHRT — IHWv-i 
OSC 1 L Rs | ^0SC2 

Co 



Rf :2M^^±20% 

Cx:10'\^22pF±20% 

C2:10'v^22pF±20% 

Crystal: 

equivalent 

circuit to the 

left 

Co:7pF max. 
Rs:100S7 max. 
f: 1.0-2. 25MHz 



(Note 1) On the crystal and ceramic filter resonator, the upper circuit parameters 
are the one recommended by crystal or ceramic filter maker. The circuit 
parameters are changed by crystal, ceramic filter resonator and the floated 
capacitance in designing the board. In employing the resonator, please 
consult with the engineers of crystal or ceramic filter maker to determine 
the circuit parameter. 



(Note 2) Wiring among OSCi, OSC2 and elements should be as short as possible, and 
never cross the other wirings. Refer to the recommendable layout of 
crystal and ceramic filter. 



HITACHI 39 



Fig. 2-17 Recommended Layout of Crystal and Ceramic Filter 



2.10 Low Power Dissipation Mode 

The MCU has two low power dissipation modes, Standby Mode and Stop Mode. 
Their functions are shown in Table 2-24, and a mode transition is shown in 
Fig. 2-18. 



Table 2-24 Low Power Dissipation Mode Function 



Low Power 
Dinipation Mode 


Instruction 


Condition 


Recovering 
method 


Oscillator 
circuit 


Instruction 
execution 


Register, 
Flag 


Interrupt 
function 


RAM 


Input/ 
Output 
pin 


Timer/ 
Counter, 

Serial 
Interface 


Startdby mode 


SBY 

instruction 


Active 


Stop 


Retained 


Active 


Retained 


Retained 


Active 


RESET Input. 
Interrupt request 


Stop mode 


STOP 
instruction 


Stop 


Stop 


reset" 


Stop 


Retained 


High'2i 
impedance 


Stop 


RESET Input 



*1) The MCU recovers from STOP mode by RESET input. Refer to Table 2-21 for 
the contents of the flags and registers. 



*2) A high voltage pin with a pull-down MOS is tied to the V^j^gp power supply 
through the pull-down MOS. As the pull-down MOS keeps ON, a pull-down 
MOS current flows when a difference between the pin voltage and the V^isp 
voltage exists. This is the additional current to the current dissipa- 
tion in Stop Mode (Istop) . 

*3) As an I/O circuit is active, an I/O current possibly flows according to 
the state of I/O pin in Standby Mode. This is the additional current to 
the current dissipation in Standby Mode (IsBYl» ^SBY2)* 




Fig. 2-18 MCU Operation Mode Transition 
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(1 ) standby Mode 

Executing an SBY instruction puts the MCU into Standby Mode. In Standby 
Mode, the oscillator circuit is active and the timer, counter and serial 
interface continue working. On the other hand, the CPU stops since the clock 
related to the instruction execution stops. Registers, RAM and I/O pins 
retain the state they were in just before the MCU went into Standby Mode. 

Standby Mode may be cancelled by inputting RESET or by executing an 
interrupt request. In the former case the MCU is reset, and in the later 
case, the MCU becomes an active mode and executes the next instruction 
following the SBY instruction. If the Interrupt Enable Flag is "1" at this 
time, the interrupt is executed, while if it is "0", the interrupt request 
is put on hold and normal instruction execution continues. 

Fig. 2-19 shows the flowchart of the Standby Mode. 




Restart 

Processor Clocks 





(A) 


Reset MCU 



Restart 

Processor Clocks 





' (6) (C) 


Execute 

Instruction 




Interrupt 

Accept 



(a) HMCS402, HMCS404, HMCS408 



Fig. 2-19 MCU Operating Flowchart 
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Q SBY ^ 

Oscillator Active 
Peripheral Clocks 
Active 

All Other Clocks 
Stop 




Yes 



Restart 

Processor Clocks 





(A) 


Reset MCU 



Restart 

Processor Clocks 











(B) 


^es (C) 


Execute 






Interrupt 


Instruction 




Accept 



(b) HMCS412, HMCS414 



Fig. 2-19 MCU Operating Flowchart 

(2) Stop Mode 

Executing a STOP instruction brings the MCU into Stop Mode, in which the 
oscillator circuit and every function of the MCU stop. 

Stop Mode may be cancelled by resetting the MCU. At this time, as shown 
in Fig. 2-20, reset input must be applied at least to tj^^ for oscillation to 
stabilize. (Refer to "AC CHARACTERISTICS"). After Stop Mode is cancelled, 
RAM retains the state it was in just before the MCU went into Stop Mode, but 
the Accumulator, B Register, W Register, X/SPX Registers, Y/SPY Registers, 
Carry and Serial Data Register may not retain their contents. 



Internal clock 



_n_ri_r 




i_rL_n_rLji_n_ 



STOP instruction execution 



(more than stabilization time: t^^) 



Fig. 2-20 Timing Chart of Recovering from Stop Mode 
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3. INSTRUCTION SYSTEM 



3.1 RAM Addressing Mode 

As shown in Fig. 3-1, the MCU has three RAM addressing modes, i.e. Register 
Indirect Addressing, Direct Addressing and Memory Register Addressing. 

(1) Register Indirect Addressing 

The total of the W Register, X Register, and Y Register contents (10 bits) 
is used as the RAM address. 

(2) Direct Addressing 

The direct addressing instruction consists of two words, with the second 
word (10 bits) following the Op-code (the first word) used as the RAM 
address. 

(3) Memory Register Addressing 

The Memory Register (16 digits from $020 to $02F) is accessed by executing 
LAMR and XMRA instructions. 

3.2 ROM Addressing Mode and P Instructions 

The MCU has four kinds of ROM addressing modes as shown in Fig. 3-2. 

(1) Direct Addressing Mode 

The program can be branched to any address in the ROM memory space by 
executing JMPL, BRL or CALL instructions. These instructions replace the 
14 program counter bits (PC13 to PCq) with 14-bit immediate data. 

(2) Current Page Addressing Mode 

The MCU has 8 pages of ROM (256 words per page). By executing a BR 
instruction, the program can be branched to an address in current page. 
This instruction replaces the low-order eight bits of the program counter 
(PC7 to PCq) with 8-bit immediate data. 

However, when BR is on page boundary (256n + 255), executing a BR instruc- 
tion transfers the PC contents to the next page according to the hardware 
architecture. Consequently, the program is branched to the next page when 
the BR on a page boundary is used. The outline is given in Fig. 3-3. The 
HMCS400 series cross macro assembler has an automatic paging facility for 
ROM pages. 
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(3) Zero Page Addressing Mode 

By executing a CAL instruction, the program can be branched to the zero 
page subroutine area, which is located in the $0000-$003F address area. 
When a CAL instruction is executed, 6-bit immediate data is placed in the 
low-order six bits of the program counter (PC5 to PCq) and "Os" are placed 
in the high-order eight bits (PC13 to PCe). 

(4) Table Data Addressing 

By executing a TBR instruction, the program can be branched to the 
address determined by the contents of the 4-bit immediate data, accumulator 
and B register. 

(5) P Instruction 

By executing a P instruction,. ROM data addressed by Table Data Addressing 
can be referred to as shown in Fig. 3-4. When bit 8 in the referred ROM data 
is "1", 8 bits of referred ROM data are written into the accumulator and B 
Register. When bit 9 is "1", 8 bits of referred ROM data are written into 
the Ri and R2 port output register. When both bits 8 and 9 are "1", ROM 
data are written into the accumulator and B Register and also to the Ri and 
R2 port output register at the same time. 

The P instruction has no effect on the program counter. 
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WRegister X-Register Y-Register 



RAM Address 



f 








t 
































w, 


Wo 


X 


3 


X 


2 


X, 


> 




V 








Y, 


Y 



























AP, 


APs 


AP, 


AP6 


APs 


AP4 


AP3 


AP2 


AP, 


APo 



(a) Register Indirect Addressing 
Instruction 1st Word Instruction 2nd Word 



OP Code 

I.,,.,. 1 , ,1 I„ , 1,, „1 .„[ \ 1 


d. 




d7 


d* 


ds 


d4 


da 


dj 




do 


























RAM Address 


AP, 


APs 


AP, 


AP6 


AP5 


AP4 


APj 


AP2 


AP, 


APo 



(b) Direct Addressing 

Instruction 



RAM Address 



OP Code 
1 1 i 1 1 






m, 


mo 


"O" 'O" "0" "0" "I" "O" 
i i 1 1 i i < 










AP, 


APs 


AP, 


AP* 


AP5 


AP4 


AP3 


AP, 


AP, 


APo 



(c) Memory Register Addressing 



Fig. 3-1 RAM Addressing Mode 
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(JMPL3 

(BRL) 

(CALL) 



Instruction 1st Word 



Instruction 2nd Word 



' ' — ' 1 — "T- — r- — I 1 ! r — I 1 1 I I r—n — 

I ■ , I P3 , P» , P. , PC I d* , d, , , d« , ds , d4 . da , da , d, , d, 



Program Counter 



' ' I ' ' ' I ' I ' I ' ' ' I ' I ' I ' I ' I 
PC,3 PC.j PC,, PC.o PC, PC, PC, PC* PCs PC4 PCs PCj PC, PC: 

— I — -I 1 1 1— J 1 1 1— I \ I I 



(a) Direct Addressing 



Instruction 



(BR) OP Code 



I I ( 1 1 r— -1 

b? b« bs 64 ba b] b, bo 



Program Counter 



1 1 1 I 1— — r 

PC, 3 PC,3 PC,, PC,o PC, PC, PC7 PC6 PCs PC4 PCs PCi PC, PCo 



(b) Current Page Addressing 



Instruction 



Program Counter 



(CAL) 


T T 1 

OP Code 
1 1 1 


1 , 1 1 1 

as a4 a, a, a, ao 

1 1 1 . 1 




















u U Q 
« i « * * t * « 


PC,, PC, PC,, PCo PC, PC, PC7 PC* PCs PC4 PC, PC, PC, PCo 



(c) Zero Page Addressing 



(TBR) 



-I 1 1 1 I 

OP Code 

-J I I I L. 



Pi Pi Pi Po 



Program Counter 



B Register Accumulator 



B, B, B, Bo 



A, A, A, A( 
i— 1 



' 1 ' I 

PC,, PC,, PC,, PC,o PC, PC, PC7 PC* PC, PC« PC, PC, PC, PC 

til I 1 1.1 1 — I ' ' 1 I ■ 1 I I . 



(d) Table Data Addressing 



Fig. 3-2 ROM Addressing Mode 
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W A 



AAA NOP 



2S6n « 2S4 
256n ♦ 255 
" 256(n* 11 



Fig. 3-3 The Branch Destination by BR Instruction on 
the Boundary between Pages 



OP Code 
I . 1 I 1 I 



Pi Pi Pi Po 



Referred ROM Address 



0" 
t , t 



B Register Accumulator 



1 1 I 

B3 B, Bi Bo 



1 I I 

Aj A, A, A, 
1 



RAijRA,, RA,,RA,o RA, RA, RA, RA« RA, RA4 RA, RA, RA, RAo 
J 1 t I I I I I I I I i., I 



(a) Address Designation 



RO, RO, RO7 

1 L. 



ROM Data 
Accumulator, B Register 
ROM Data 



I RO5 RO4 ROa 



t , r r r t 



ROj RO, RO. 



A3 A, A, Ao 



RO, RO, RO, 

E 



Output Register R1,R2 



1:1 



RO4 RO3 



Rjj Rjj Rii Rjo 



RO, RO, 



Ri3 Rij R>i Rio 



: If ROg = 1 



: If RO9 = 1 



(b) Pattern Output 



Fig. 3-4 P Instruction 
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.3 Instruction Set 

The HMCS400 series microcomputers provide 99 instructions which are 
classified into 10 groups as follows; 

(1) Immediate Instruction (Table 3-1) 

(2) Register-to-Register Instruction (Table 3-2) 

(3) RAM Address Instruction(Table 3-3) 

(4) RAM Register Instruction(Table 3-4) 

(5) Arithmetic Instruction (Table 3-5) 

(6) Compare Instruction (Table 3-6) 

(7) RAM Bit Manipulation Instruction (Table 3-7) 

(8) ROM Address Instruction(Table 3-8) 

(9) Input/Output Instruction (Table 3-9) 
(10) Control Instruction (Table 3-10) 

(Note) In the HMCS412 and HMCS414, there is not the STS instructions, 
because these ones have not the serial interface. 
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Table 3-1 Immediate Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
^CLE 


Load A from Immediate 


LAI i 


10 1 1 13 12 ii io 


1 .A 




1/1 


Load B from Immediate 


LBI i 


1 is i2 ii io 


i .B 




1/1 


Load Memory from Immediate 


LMIO i.d 


1 1 1 13 12 ii io 
d9 ds d? ds ds dt da d2 dt do 


i .M 




2/2 


Load Memory from Immediate. Increment Y 


LMIIY i 


1 1 1 is i2 i) io 


i-M,Y+ 1-Y 


N2 


1/1 



Table 3-2 Register-to-Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORDx 
^CLE 


Load A from B 


LAB 


0001001000 


B-A 




1/1 


Load B from A 


LBA 


1 1 10 


A *B 




1/1 


Load A from Y 


LAY 


10 10 1 1 1 1 


Y-*A 




1/1 


Load A from SPX 


LASPX 


1 10 10 


SPX -A 




1/1 


Load A from SPY 


LASPY 


10 1 10 


SPY-A 




1/1 


Load A from MR 


LAMR m 


10 1 1 1 m3m2m,mo 


MR(m) -A 




1/1 


Exchange MR and A 


XMRA m 


10 1111 msmzmimo 


MR{m). .A 




1/1 



Table 3-3 RAM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


Cycle 


Load W from Immediate 


LWI i 


00 1 1 1 1 i, io 


i .W 




1/1 


Load X from Immediate 


LXI i 


1 1 13 i2 ii io 


i .X 




1/1 


Load Y from Immediate 


LYI i 


1 1 13 12 ii io 






1/1 


Load X from A 


LXA 


00 1 1 10 10 


A .X 




1/1 


Load Y from A 


LYA 


00 1 10 1 1000 


A .Y 




1/1 


Increment Y 


lY 


1 11 1 


Y + 1 --Y 


NZ 


1/1 


Decrement Y 


DY 


0011011111 


Y-1 -Y 


NB 


1/1 


Add A to Y 


AYY 


0001010100 


Y + A-Y 


OVF 


1/1 


Subtract A from Y 


SYY 


0011010100 


Y-A--Y 


NB 


1/1 


Exchange X and SPX 


XSPX 


0000000 001 


X-SPX 




1/1 


Exchange Y and SPY 


XSPY 


00000000 10 


Y-SPY 




1/1 


Exchange X and SPX.Y and SPY 


XSPXY 


00000000 1 1 


X. .SPX.Y. .SPY 




1/1 



Table 3-4 RAM Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 




Load A from Memory 


LAM(XY) 


OOlOOIOOyx 






1/1 


Load A from Memory 


LAMD d 


1 100 10000 
ds dBd7d6dsd4d3d2di do 


M-A 




2/2 


Load B from Memory 


LBM(XY) 


000 1 OOOOy X 


M-^B. (^::|??) 




1/1 


Load Memory from A 


LMA(XY) 


1 1 1 y X 






1/1 


Load Memory from A 


LMAO d 


1 10 10 10 
dgdgdrdeds d4d3d2di do 


A^M 




2/2 


Load Memory from A, Increment Y 


LMAIY(X) 


000 1 1 000 X 


A^M,Y+1-Ylx..SPX) 


NZ 


1/1 


Load Memory from A. Decrement Y 


LMADY(X) 


1 1 1 X 


A^M,Y-1-.Y(X..Si»X) 


NB 


1/1 


Exchange Memory and A 


XMA(XY) 


00 1 00000 y X 


M^^A. (?::p>j) 




1/1 


Exchange Memory and A 


XMAD d 


110000000 
ds dg d7 de ds d4 d3 d2 di do 


M«A 




2/2 


Exchange Memory and B 


XMB(XY) 


OOllOOOOyx 






1/1 
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Note) (XY) and (X) have the meaning as follows: 

(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each, 
(example of LAM (XY) is given below.) The op-code X or Y is assembled as 
follows. 



MNEMONIC 


V 


X 


FUNCTION 


LAM 










LAMX 





1 


X«-SPX 


LAMY 


1 





Y^SPY 


LAMXY 


1 


1 


X*+SPX, Y-H-SPY 



(2) The instructions with (X) have 2 mnemonics and 2 object codes for each, 
(example of LMAIY(X) is given below.) The op-code X is assembled as 
follows. 



MNEMONIC 


X 


FUNCTION 


LMAIY 







LMAlYX 


1 


X**SPX 



Table 3-5 Arithmetic Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD^ 


Add Immediate to A 


Al i 


1 1 is i2 ii io 


A+ i-.A 


OVF 


VI 


Increment B 


IB 


000100 1 100 


B + 1 -B 


NZ 


1/1 


Decrement B 


DB 


00110011 1 1 


B - 1 -B 


NB 


1/1 


Decimal Adjust for Addition 


DAA 


0010 1 001 1 






1/1 


Decimal Adjust for Subtraction 


DAS 


0010101010 






1/1 


Negate A 


NEGA 


1 10 


A+l-A 




1/1 


Complement B 


COMB 


101000000 


B-B 




1/1 


Rotate Right A with Carry 


ROTR 


0010100000 






1/1 


Rotate Left A with Carry 


ROTL 


0010100001 






1/1 


Set Carry 


SEC 


0011101111 


1-CA 




1/1 


Reset Carry 


REC 


00 11 10 1 100 


0-CA 




1/1 


Test Carry 


TC 


000 1 10 11 1 1 




CA 


1/1 


Add A to Memory 


AM 


000000 1000 


M + A-A 


OVF 


1/1 


Add A to Memory 


AMD d 


^9 Js ^7 ^4 ^2 ?t ^0 


M+A-*A 


OVF 


2/2 


Add A to Memory with Carry 


AMC 


0000 01 1000 


M + A + CA-A 
OVF->CA 


OVF 


1/1 


Add A to Memory with Carry 


AMCD d 


10 1 1 Q Q 
d9 d8d7d8d5 dtdjdiO} do 


M+A+CA-A 
OVF-^CA 


OVF 


2/2 


Subtract A from Memory with Carry 


SMC 


00 100 1 1 000 


M-A-CA-A 
NB-^CA 


NB 




Subtract A from Memory with Carry 


SMCD d 


ds ds d? Ss^s d4 d3 ^2 ^i % 


M-A-CA-A 
NB-+CA 


NB 


2/2 


OR A and B 


OR 


1 1000 100 


AUB -A 




1/1 


AND Memory with A 


ANM 


00 100 1 1 100 


AOM-A 


N2 


1/1 


AND Memory with A 


ANMD d 


Q 1 1 00 1 1 1 06 

dg ds d? ds ds d4 da d2 di do 


APM^A 


NZ 


2/2 


OR Memory with A 


ORM 


000000 1 100 


AUM-A 


NZ 


1/1 


OR Memory with A i 


ORMD d 


^9 de ^7 ^5 ^4 da d2 ?t ?o 


AJM-^A 


NZ 


2/2 


EOR Memory with A 


EORM 


0000 11 1 


A(tM-*A 


NZ 


1/1 


EOR Memory with A 


EORMD d 


10001 1100 

dg d8d7d6 ds d4 da d2di do 


A+;M-*A 


NZ 


2/2 
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Table 3-6 Compare Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 


Immediate Not Equal to Memory 


INEM 1 


1 13 "2 ll lo 


1 /M 


NZ 


1/1 


Immediate Not Equal to Memory 


INEMD i.d 


d d d d d d 'cf d '(? 


i / M 


NZ 


2/2 


A Not Equal to Memory 


ANEM 


0000000100 


A/ M 


NZ 


1/1 


A Not Equal to Memory 


ANEMD d 


ddddddJddd 


A / M 


NZ 


2/2 


B Not Equal to Memory 


BNEM 


000 1000 100 


B / M 


NZ 


1/1 


Y Not Equal to Immediate 


YNEI 1 


1 1 1 13 i2 ll io 


Yt^ I 


NZ 


1/1 


Immediate Less or Equal to Memory 


ILEM 1 


1 1 13 12 h 10 


1 -.M 


NB 


1/1 


Immediate Less or Equal to Memory 


ILEMD i.d 


1001 1 i-,1, h ip 
ds de d? de ds dj 03 d- do 


1 --M 


NB 


2/2 


A Less or Equal to Memory 


ALEM 


0000010100 


A%M 


NB 


1/1 


A Less or Equal to Memory 


ALEMD d 


100010100 
d9d8d7d6ds dadjd^d' do 


A-.M 


NB 


2/2 


B Less or Equal to Memory 


BLEM 


00 11000 100 


B-.M 


NB 


1/1 


A Less or Equal to Immediate 


ALEI 1 


10 10 1 1 13 12 ll io 


A-. 1 


NB 


1/1 



Table 3-7 RAM Bit Manipulation Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 
/CYCLE 


Set Memory Bit 


SEM n 


10 1 nioo 


1 -M(n) 




1/1 


Set Memory Bit 


SEMD n,d 


1 10 1 n,no 
d9dBd7d$d5d4d3d2di do 


1-M(n) 




2/2 


Reset Memory Bit 


REM n 


10 10 Pino 


O-M(n) 




1/1 


Reset Memory Bit 


REMD n,d 


1 10 00 1 On,r)o 
ds ds d? de ds d4 d3 d2 di do 


0-*M(n) 




2/2 


Test Memory Bit 


TM n 


10 1 1 nmo 




M(n) 


1/1 


Test Memory Bit 


TMD n,d 


1 10 1 1 nino 
dg ds d? de ds d4 d3 d2 di do 




M(n) 


2/2 



Table 3-8 ROM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


/CYCLE 


Branch on Status 1 


BR 


b 


1 1 b7b6b5b4b3b2bibo 




1 


1/1 


Long Branch on Status 1 


BRL 


u 


10 111 P3P2PlPO 

ds ds d? dfi ds d4 d3 d: di do 




1 


2/2 


Long Jump Unconditionally 


JMPL u 


10 10 1 P3P2PlPO 

ds ds d? de ds d4 d3 d2 di do 






2/2 


Subroutine Jump on Status 1 


CAL 


a 


111 a5a4a3a2aiao 




1 


1/2 


Long Subroutine Jump on Status 1 


CALL 


u 


g 1 1 1 Q P3P2plP0 

ds ds 07 de ds 04 d3 d2 di do 




1 


2/2 


Table Branch 


TBR 


P 


10 1 1 P3P2P1P0 






1/1 


Return from Subroutine 


RTN 


00000 10000 






1/3 


Return from Interrupt 


RTNI 


00000 1000 1 


1-l/E 
CA RESTORE 


ST 


1/3 



Table 3-9 Input/Output Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 


Set Discrete I/O Latch 


SED 


1 1 1 1 


1-D(Y) 




1/1 


Set Discrete I/O Latch Direct 


SEDD m 


10 1110 m3m2mimo 


1-D(m) 




1/1 


Reset Discrete I/O Latch 


RED 


1 1 1 


O-D(Y) 




1/1 


Reset Discrete I/O Latch Direct 


REDD m 


10 1 10 m3m2mimo 


O-D(m) 




1/1 


Test Discrete I/O Latch 


TD 


1 1 1 




D(Y) 


1/1 


Test Discrete I/O Latch Direct 


TDD m 


10 10 10 msmamimo 




D(m) 


1/1 


Load A from R-Port Register 


LAR m 


10 10 1 m3m2mimo 


R(m)-.A 




1/1 


Load B from R-Port Register 


LBR m 


1 1 msmamimo 


R(m)— B 




1/1 


Load R-Port Register from A 


LRA m 


10 1 10 1 mamamimo 


A— R(m) 




1/1 


Load R-Port Register from B 


LRB m 


10 1 10 msmimimo 


B^R(m) 




1/1 


Pattern Generation 


P P 


1 10 1 1 P3P2P1P0 






1/2 
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Table 3-10 Control Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD^ 


No Operation 


NOP 


0000 00000 






1/1 


Start Serial 


STS 


10 1001000 






1/1 


Stand-by Mode 


SBY 


10 1001 100 






1/1 


Stop Mode 


STOP 


10 10 110 1 






1/1 



Table 3-11 Op-Code Map 





R8 







R9 




1 12 


3 


4 




8 




c 


D [ E j F 


0Tl[2l3i4 5}6T7[8 


9 lA 1 B C 


D|E|F 








NOP 


XSPX'XSPV 


xiP 


AN 

M 




AM 




ORM 










1 


RTN 


RTNlT,-^ 


AlEM 




AMC 




EORM 










2 


INEM 1(4) 


INEMD i(4) 


3 


ILEM 1(4) 


ILEMD 1(4) 


4 


LBM(XY) 


BNEM 


LAB 




IB 




^<m\^ ^ OR 1^^--^ STS SBY jSTOPL^^^ 


5 


LMAIY(X)!,^-^ 


AYY 




lASW 




lY 




^ JMPL p(4) 


6 


"'^L— -"""^ — 


RED 




lASPX 




CALL p(4) 


7 


YNEI i(4) 


^ BRL p(4) 


8 


XMA(XY) 


SEM n(2) 


REM n(2) 


TM n(2) 


^tm^ r SEMD n(2) 


" REMD n(2) 


' TMO n(2) 


9 


LAM(XY) 


LMA(XY) 


SMCL___,,.---^ 


anmI,,--'^ 








A 


ROTdfWTl -'—'■^ 0**L,----'''^n '■"'^ 1 


^ LMIO i(4) 


B 


TBR p(4) 


. P P(4) 


C 


XMB(XY) 


eiEM 




LBA 




OB 


CAL a(6) 


D 


LMAOY(X[__^.-^ 


SYY 




LYA 




OY 


E 




SED 




LXA 




SEC 


F 


LWI i(2) 






1 





LBI 1(4) 


BR b(8) 


1 


LYI 1(4) 


2 


LXI i(4) 


3 


LAI t(4) 


4 


LBR m(4) 




5 


LAR m(4) 




6 


REDO m(4) 


7 


LAMR m(4) 


8 


Al 1(4) 


9 


LMIIY 1(4) 


A 


TDD m(4) 


B 


ALEI 1(4) 


C 


LRB m(4) 







LRA m(4) 




E 


SEDD m(4) 


F 


XMRA m(4) 



r 1... l-word/2-cycle , 1word/3-cycle f j... RAM Direct Address r 2word/2-cycle 

Initruction ' Instruction ' Instruction Instruction 

(2-word/2-cycle) 
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.4 Instruction Table 



Three kinds of instruction tables are shown to explain the instructions 
which construct Instruction System of the HMCS400 series. 

3.4.1 Functional Table 

Instructions are classified by function. The table shows mnemonic 
code and simple explanation of the function, and shows functional com- 
parison between HMCS40 series and HMCSAOO series. 
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CATEGORY 


MNEMONIC 


FUNCTION 


STATUS 


4UU 


40 




T A 13 


D A 






it 




T HA 

Lis A 


A ^ v. 

A *^ a 






it 


REOT STER 


T AV 
LAI 


V ^ A 

I ^ A 






it 


TO REGISTER 


LASPX 


SPX A 




* 


it 




T A CPV 

LAor 1 


or I *^ A 






it 




T AMP TTi 


MP ^Tn^ w A 










ArllvrL in 


MP < A 






it 




T YA 
LA^ 


A — * Y 






it 




LYA 


A Y 






it 




T VT -J 

LAi 1 


1 — *• A 






it 




L 1 i 1 


1 *^ I 






it 




T T.TT -I 
LW i 1 


1 — *■ W 








RAM ADDRESS 


TV 


V X 1 V 

1 T i > I 


NT? 




it 




r\v 


V _ 1 — k. V 

I ~ i ^ I 


MP 




it 




A VV 
Al 1 


V J. A — > V 
I + A I 


UVr 




it 




QVV 

oil 


V — A ^ V 

1 A ^ I 


MP 




it 




YCPY 


Y ^ ^ CPY 

A < — ► orA 






it 




XSPY 


Y — SPY 






it 




V CDW 

AbrAl 


V " CTJV V OPV 

A — ^ brX, 1 < — ► bri 






it 




LAM^Al ) 


M A, (X-* — »-SPX, Y< — >"SPY) 






it 




T A'KTn A 

LAJyUJ CI 












T M\K VV ^ 

LdM vAi ) 


VT ^ TJ fV^ kCPY V-< »-CPV\ 

M — *■ Of vA^ »orA, i< — »'br I ^ 






it 


REGISTER 


VMA /'YV^ 

ArlAvAI ) 


M ^ A, *^brA, I* *^brl^ 






it 


TO RAM 


YM AT> A 






it 






YMTJ ^YV ^ 
AJMJ3 V.AI } 


M R /"V,* ^CPY v.* *.CPV^ 






it 




T MA ('SCW\ 
LrlA \ AI / 


A M ^Y < > SPY Y-<—»'SPY'i 










LMAD d 


A ^ Mvu^ 










T MA TV /V^ 

LJXlAil vA^ 


A *^ JM, I + x *^ I 5 V.A ♦^bxA/ 


M7 

SSL 




it 




T MATW ^V^ 

LMAJJI \K) 


A ^ M V—l V ^Y ^ fc,CPY^ 

A *^ n, I-"i ^ I , VA ♦-♦brA^ 


MP 
IN J> 




it 




T MT TV 1 


i — *■ M Y+1 Y 


NZ 


9c 


it 


IMMEDIATE 

X i. JUL J.JLJ XJ X«J. X Xi 


T MTH \ A 


1 —^}A(A\ 




it 






TAT 1 
Li\l X 


4 — ^ A 

X A. 




ii 


it 




T ■RT 1 
Lox X 


X D 




i( 


is 




AT 1 
AX 1 


A . • _> A 

A X A 


UVr 


ie 


it 




T"K 

Id 


D + i — > D 


M7 
IN L 


9( 


it 








MP 


it 


it 




AMP 


M 4. A 4. PA k. A nW m PA 

rl T A T- \^A — >■ A, UVr * L<A 


u V r 




it 




AMPTi A 


M^i4^ 4. A 4. PA a A nW fc-PA 


UVr 








OMP 


M A — PA — ^ A WR ^ P A 


MP 




it 




QMPTi A 


M^'H'i - A - TH A NR PA 




ii 






AM 


M + A —♦•A 


OVF 




it 




A'K/rn A 
AIYLU a 


vr / J \ J. A k, A 

JM^Cl^ + A — *■ A 


UVr 


ic 






T\A A 

JJAA 


Decimal Adjust (Add) 




it 


it 




r^A C 
UAO 


Decimal Adjust (Subtract) 




■k 


it 


ARITHMETIC 


JNLLrA 


■/Til ^ A 

A + i — * A 




ie 


it 




uums 


D — ^ D 






it 






1 — >. PA 
i L.A 




is 


it 






n — >■ PA 
U L.A 




i( 


it 




TP 


Te s t C A 


PA 
L.A 


it 


it 




KUxK 


Rotate Right A with Carry 




i( 


it 






Rotate Left A with Carry 




i{ 


it 




r\p 
OK 


A 1 1 P ^ A 

A U D ^ A 




ic 


it 




A MM 


A n M k. A 

All JM ^ A 


M7 
JNZi 


it 






A\7Mn A 


A n "MfA^ w A 


M7 








ORM 


A U M A 


NZ 


it 






ORMD d 


A U M(d) A 


NZ 


it 






EORM 


A©M A 


NZ 


it 






EORMD d 


A© M(d) A 


NZ 


it 





(to be continued) 
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CATEGORY 


MNEMONIC 


FUNCTION 


STATUS 


400 


40 




INEM 


i 


i ^ M 


NZ 








INEMD 


i,d 


i 4 M(d) 


NZ 


* 






ANEM 




A ^ M 


NZ 




* 




ANEMD 


d 


A ^ M(d) 


NZ 


* 






BNEM 




B 9^ M 


NZ 








YNEI 


i 


Y 4 i 


NZ 






COMPARE 


ILEM 


i 


i ^ M 


NB 


* 






ILEMD 


i,d 


i ^ M(d) 


NB 


* 






ALEM 




A < M 


NB 


* 


* 




ALEMD 


d 


A ^ M(d) 


NB 


* 






BLEM 




B ^ M 


NB 


* 


* 




ALE I 


i 


A < i 


NB 


* 


■k 




SEM 


n 


1 M(n) 






■k 




SEMD 


n,d 


1 M(d,n) 








RAM BIT 


REM 


n 


M(n) 




* 


* 


MANIPULATION 


REMD 


n,d 


M(d, n) 










TM 


n 


Test M(n) 


M(n) 


* 


* 




TMD 


n,d 


Test M(d, n) 


M(d, n) 


* 






BR 


b 


Branch on Status 1 


1 








BRL 


u 


Long Branch on Status 1 


1 








JMPL 


u 


Long Jump Unconditionally 




* 




ROM ADDRESS 


CAL 


a 


Subroutine Jump on Status 1 


1 




•k 




CALL 


u 


Long Subroutine Jump on Status 1 


1 








TBR 


p 


Table Branch 




* 


■k 




RTN 




Return from Subroutine 






k 




LPU 


u 


Load Program Counter Upper 
on Status 1 






k 




SELE 




1 -> I/E 






k 




SEIFO 




1 -* IFO 






* 




SEIFl 




1 IFl 










SETF 




1 TF 






* 




SECF 




1 -> CF 










REIE 




I/E 






* 




REIFO 




-> IFO 










REIFl 




IFl 










RETF 




TF 






* 


INTERRUPT 


RECF 




-> CF 










TIG 




Test INTO 


INTO 




* 




Til 




Test INTl 


INTl 








TIFO 




Test IFO 


IFO 




* 




TIFl 




Test IFl 


IFl 




* 




TTF 




Test TF 


TF 




* 




LTI 


i 


i Timer /Counter 






* 




LTA 




A — ► Timer /Counter 






* 




LAT 




Timer/Counter — > A- 






* 




RTN I 




Return from Interrupt 


ST 




* 




SED 




1 D(Y) 




* 


* 




RED 




^ D(Y) 




* 


* 




TD 




Test Discrete I/O Latch D(Y) 


D(Y) 


* 


* 




SEDD 


m 


1 D(m) 






* 




REDD 


m 


D(m) 






* 


I/O 


TDD 


m 


Test Discrete I/O Latch D(m) 


D(m) 


* 






LAR 


m 


R(m) A 




* 






LBR 


m 


R(m) B 




* 


* 




LRA 


m 


A R(m) 




* 


* 




LRB 


m 


B R(m) 




* 


* 




P 


P 


Pattern Generation 




* 


* 




NOP 




No Operation 




* 


* 


CONTROL 


STS 
SBY 
STOP 




Start Serial 
Standby Mode 
Stop Mode 




* 
* 
* 
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3.4.2 Alphabetical Order Table 



Instructions are arranged in its mnemonic code's alphabetical order. 



MNEMONIC 


OP CODE 


FUNCTION 


STATUS 


W/C 


AI i 


10-1000- 


A + i A 


OVF 


1/1 


ALEI i 


10-1011- 


A ^ i 


NB 


1/1 


ALEM 


00-0001-0100 


A ^ M 


NB 


1/1 


ALEMD d 


01-0001-0100 


A-*M(d) 


NB 


2/2 


AM 


00-0000-1000 


M + A A 


OVF 


1/1 


AMD d 


01-0000-1000 


M(d) + A A 


OVF 


2/2 


AMC 


00-0001-1000 


M + A + CA -> A, OVF CA 


OVF 


1/1 


AMCD d 


01-0001-1000 


M(d) + A + CA A, OVF — CA 


OVF 


2/2 


ANEM 


00-0000-0100 


A ^ M 


NZ 


1/1 


ANEMD d 


01-0000-0100 


A ^ M(d) 


NZ 


2/2 


ANM 


00-1001-1100 


A n M A 


NZ 


1/1 


ANMD d 


01-1001-1100 


A n M(d) -> A 


NZ 


2/2 


AYY 


00-0101-0100 


Y + A Y 


OVF 


1/1 


BLEM 


00-1100-0100 


B < M 


NB 


1/1 


BNEM 


00-0100-0100 


B ¥ M 


NZ 


1/1 


BR d 


11- - 


Branch on Status 1 


1 


1/1 


BRL u 


01-0111- 


Long Branch on Status 1 


1 


2/2 


CAL a 


01-11..- 


Subroutine Jump on Status 1 


1 


1/2 


CALL u 


01-0110- 


Long Subroutine Jump on Status 1 


1 


2/2 


COMB 


01-0100-0000 


I B 




1/1 


DAA 


00-1010-0110 


Decimal Adjust (Add) 




1/1 


DAS 


00-1010-1010 


Decimal Adjust (Subtract) 




1/1 


DB 


00-1100-1111 


B - 1 B 


NB 


1/1 


DY 


00-1101-1111 


Y - 1 Y 


NB 


1/1 


EORM 


00-0001-1100 


A ® M ~* A 


NZ 


1/1 


EORMD d 


01-0001-1100 


A © M(d) A 


NZ 


2/2 


IB 


00-0100-1100 


B + 1 B 


NZ 


1/1 


ILEM 


00-0011- 


i < M 


NB 


1/1 


ILEMD i,d 


01-0011- 


i ^ M(d) 


NB 


2/2 


INEM 1 


00-0010- 


i ^ M 


NZ 


1/1 


INEMD i,d 


01-0010- 


i 4 M(d) 


NZ 


2/2 


lY 


00-0101-1100 


Y + 1 Y 


NZ 


1/1 


JMPL u 


01-0101- 


Long Jump Unconditionally 




2/2 


LAB 


00-0100-1000 


B -H. A 




1/1 


LAI i 


10-0011- 


i A 




1/1 


LAM(XY) 


00-1001-00. . 


M A, (X*-*SPX, Y^SPY) 




1/1 


LAMD d 


01-1001-0000 


M(d) A 




2/2 


LAMR m 


10-0111- 


MR(m) A 




1/1 


LAR m 


10-0101- 


R(m) A 




1/1 


LASPX 


00-0110-1000 


SPX A 




1/1 


LASPY 


00-0101-1000 


SPY A 




1/1 


LAY 


00-1010-1111 


Y -* A 




1/1 


LBA 


00-1100-1000 


A B 




1/1 


LBI i 


10-0000- 


i B 




1/1 


LBM(XY) 


00-0100-00.. 


M ^ B, (X*->SPX, Y<— >SPY) 




1/1 


LBR m 


10-0100-.... 


R(m) B 




1/1 


LMA(XY) 


00-1001-01.. 


A M, (X^SPX, Y — SPY) 




1/1 


LMAD d 


01-1001-0100 


A M(d) 




2/2 


LMADY(X) 


00-1101-000. 


A M, Y-1 ^ Y, (X SPX) 


NB 


1/1 


LMAIY(X) 


00-0101-000. 


A M, Y+1 Y, (X ^ SPX) 


NZ 


1/1 


LMID i,d 


01-1010- 


i -* M(d) 




2/2 


LMIIY i 


10-1001- 


i M, Y+1 ^ Y 


NZ 


1/1 


LRA m 


10-1101- 


A R(m) 




1/1 


LRB m 


10-1100- 


B R(m) 




1/1 


LWI i 


00-1111-00.. 


i W 




1/1 



W/C Word/Cycle 
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(to be continued) 



MNEMONIC 


OP rODF 


r UiNL. 1 lUiN 


CT ATTTC 
O lAi UO 


u /P 


LXA 




00-1 1 1 0-1 000 






i / 1 


LXI 


i 


1 0-001 0- 

L\J \J\J L\J •••• 


1 — ► Y 

1 A 




1 /I 
i / 1 


LYA 




00-11 01-1 000 


A Y 




1 /I 
1/1 


LYI 


i 


1 0-0001 — 


1 ^ 1 




1 /I 
1/ i 


NEGA 




oo-oi 1 0-nnnn 


X + 1 k. A 




1 /i 
i/ 1 


NOP 




00-00 00-nono 


No Opcirstion 




1 /I 
i / i 


OR 




01-0100-0100 


U g ^ ^ 




1 /I ~ 
1/1 


ORM 




00-0000-1 1 00 

\J\J VJUVJU i. J-VJVJ 


A 1 1 M *■ A 


IN ^ 


1 /I 

J- / -L 


ORMD 


d 


ui uuuu 1 lUU 


A II M ^ > A 


XT 7 
JN L 


9 /9 
III 


P 


P 


01—1011- 

Ul 1U1± •••• 


Pattern Genera.tion 




1 /9 


REG 




no-1 1 1 0-1 1 nn 

UU 11±U 1 lUU 


n r A 




^ /I 
i/ i 


RED 




00-01 1 0-m 00 

UU UJ.1U UJLUU 


Q >. D ( Y ) 




1 /I 
i / i 


REDD 


m 


10-0110- .... 


^ D (m) 




1 /I 
1/ 1 


REM 


n 


00-1 000-1 

UU J.UUU JLU . . 


n — *■ M^n^i 
U riVIl/ 




1 /I 
1 / 1 


REMD 


n,d 


01 -1 000—1 

Ul iUUU -LU . . 


n — ► VS t A 




9 /9 


ROTL 




00-1 01 0-0001 

UU XUJ-U UUUl 


IxULdLc; IjcIL /\ WlLIl yjcLLLy 




1 /I 
i / 1 


ROTR 




00-1 01 0-0000 

UU JLUJ.U UUUU 


IvULclLc rvlgllU ii wlLll V-<ciliry 




1 /I 
i / 1 


RTN 




no— nnni — nnnn 
UU uuui uuuu 


Return from Subroutine 




1 /"^ 


RTNI 




00-0001 -0001 


rvcLUlll llUIIl lllLcllUpL 


D 1 


1 / J 


SBY 




ni —01 00-1 1 00 

Ul UiUU 1 lUU 


oLdUQDy rioae 




1 /I 
1/1 


SEG 




00-1 1 1 0—1 111 

UU J.J.XU ±J.ll 


1 —♦PA 




1 /I 
i / 1 


SED 




00-1 1 1 0-01 00 

UU J-ilU UIUU 


1 *■ u yi J 




1 /I 


SEDD 


m 


10-1110- .... 


1 D (m) 




1 /I 

J- / 1 


SEM 


n 


00-1 000-01 


M(n) 




1 /I 
1/1 


SEMD 


n,d 


01-1000-01 


1 — > mM 




? /2 


SMG 




00-1 001 -1 000 

UU iUUJ. J-UUU 


M - A - PA — »• A N'R — *■ PA 


IN D 


1 /I 
1 / i 


SMGD 


d 


01 -1 001-1 000 

Ul lUUi iUUU 


MCrl'i — A — PA A NTl — >- PA 


NB 


7 /9 
^ 1 L 


STOP 




01 -01 00-1 101 

U J. UIUU J.J.UX 






1 /I 

1 / -L 


STS 




01-0100-1000 


OLdl L Ocl Idl 




1 /I 
1/1 


SYY 




00-1 1 01 -01 00 

UU J. iU i UJLUU 


Y — A — *• Y 


IN D 


1 /I 

1 / J- 


TBR 


P 


00-1011- .... 


IdDlc DldllL,n 




1 /I 
1/1 


TG 




00-01 1 0-1 1 1 1 


XKZ O L, \j d L L y 


GA 


1 /I 
1/1 


TD 




00-1 1 1 0-0000 


XC O Lf J. L C. L.\Z X / \J i-jdLL.ll Lf \ X J 


L/ V 1 / 


1 /I 
1/1 


TDD 


m 


10-1010- .... 


Tp c ^ T)i cr* TP i-p T/O 1 atrh T) (m^ 

XCoU iVXov^XcLC X / \J ljdLL.il i-/\lU/ 


L/ viiiy 


1 /I 
1/1 


TM 


n 


no- 1 nno- 1 i 

UU iUUU ii. . 


lest jyiemory dic rivn^ 


"N/f (-n \ 

jyn,n; 


1 /I 


TMD 


n,d 


01-1 000-1 1 

U J. XUUU 1 J. . . 


IcoL rifc;IIlL)J.y IjIL nv^cijH/ 




9 /9 


XMA(XY) 


nn— 1 nnn— nn 

UU lUUU UU . • 


^ * ^ A, (X<— SPX, Y SPY; 




1 /I 

1 / -L 


XMAD 


d 


ni -1 nnn-nnnn 

Ul luuu uuuu 


M (A \ A 




9 /9 
Z / Z 


XMB(XY) 


nn— 1 1 nO'-nn 

UU 1 lUU uu . . 


M ■* "R ^Y.rf *.CT5Y Y,* kC;PY^ 




1 /I 
1/ i 


XMRA 


m 


10-1111- .... 


MPCtv,") ^ ^ A 

i ixv v 111 / ^ c\ 




1/1 
1 / i- 


XSPX 




00-0000-0001 


X ^ SPX 




1/1 


XSPXY 




00-0000-0011 


X SPX, Y SPY 




1/1 


XSPY 




00-0000-0010 


Y * SPY 




1/1 


YNEI 


1 


00-0111- 


Y i i 


NZ 


1/1 



W/C Word/cycle 
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3.4.3 Object Code Table 



Instructions are arranged in object code order. 



OP-CODE 


MNEMONIC 


FUNCTION 


STATUS 


W/G 


00-0000-0000 


NOP 


No Operation 




1/1 


00-0000-0001 


XSPX 


X ♦ SPX 




1/1 


00-0000-0010 


XSPY 


Y * SPY 




1/1 


00-0000-0011 


XSPXY 


X SPX, Y SPY 




1/1 


. 00-0000-0100 


ANEM 


A ^ M 


NZ 


1/1 


00-0000-1000 


AM 


M + A A 


OVF 


1/1 


00-0000-1100 


ORM 


A U M A 


NZ 


1/1 


00-0001-0000 


RTN 


Return from Subroutine 




1/3 


00-0001-0001 


RTNI 


Return from Interrupt 


ST 


1/3 


00-0001-0100 


ALEM 


A ^ M 


NB 


1/1 


00-0001-1000 


AMC 


M + A + CA A, OVF GA 


OVF 


1/1 


00-0001-1100 


EORM 


A e M A 


NZ 


1/1 


00-0010-. . . . 


INEM i 


i ^ M 


NZ 


1/1 


00-0011- 


ILEM i 


i ^ M 


NB 


1/1 


00-0100-00. . 


LBM(XY) 


M -> B, (X<— >SPX, Y ^SPY) 




1/1 


00-0100-0100 


BNEM 


B ^ M 


NZ 


1/1 


00-0100-1000 


LAB 


B -> A 




1/1 


00-0100-1100 


IB 


B + 1 B 


NZ 


1/1 


00-0101-000. 


LMAIY (X) 


A -> M, Y+1 -> Y, (X SPX) 


NZ 


1/1 


00-0101-0100 


AYY 


Y + A -> Y 


OVF 


1/1 


00-0101-1000 


LA SPY 


SPY A 




1/1 


00-0101-1100 


lY 


Y + 1 — > Y 


NZ 


1/1 


00-0110-0000 


NEGA 


A + 1 A 




1/1 


00-0110-0100 


RED 


D(Y) 




1/1 


00-0110-1000 


LASPX 


SPX A 




1/1 


00-0110-1111 


TG 


Test Garry 


GA 


1/1 


00-0111-. , . . 


YNEI i 


Y / i 


NZ 


1/1 


00-1000-00 . . 


XMA(XY) 


M > A, (X<— >SPX, Y-^SPY) 




1/1 


00-1000-01 . . 


SEM n 


1 M(n) 




1/1 


00-1000-10 . . 


REM n 


M(n) 




1/1 


00-1000-11 . . 


TM n 


Test Memory Bit M(n) 


M(n) 


1/1 


00-1001-00. . 


LAM(XY) 


M -> A, (X ^ SPX, Y ^ SPY) 




1/1 


00-1001-01 . . 


LMA(XY) 


A -* M, (X SPX, Y ^ SPY) 




1/1 


00-1001-1000 


SMC 


M - A - GA A, NB GA 


NB 


1/1 


00-1001-1100 


ANM 


A n M A 


NZ 


1/1 


00-1010-0000 


ROTR 


Rotate Right A with Garry 




1/1 


00-1010-0001 


ROTL 


Rotate Left A with Carry 




l/I 


00-1010-0110 


DAA 


Decimal Adjust (Add) 




1/1 


00-1010-1010 


DAS 


Decimal Adjust (Subtract) 




1/1 


00-1010-1111 


LAY 


Y -> A 




1/1 


00-1011- 


TBR P 


Table Branch 




1/1 


00-1100-00. . 


XMB (XY) 


M < — ^B, (X^^SPX, Y<— >SPY) 




1/1 


00-1100-0100 


BLEM 


B ^ M 


NB 


1/1 


00-1100-1000 


LBA 


A -> B 




1/1 


00-1100-1111 


DB 


B - 1 -* B 


NB 


1/1 


00-1101-000. 


LMADY (X) 


A M, Y-1 Y, (X — > SPX) 


NB 


1/1 


00-1101-0100 


SYY 


Y - A Y 


NB 


1/1 


uu-i iU i— iUUU 


T V A 

LiA 


A Y 




1/1 


00-1101-1111 


DY 


Y - 1 Y 


NB 


1/1 


00-1110-0000 


TD 


Test Discrete I/O Latch D(Y) 


D(Y) 


1/1 


00-1110-0100 


SED 


1 D(Y) 




1/1 


00-1110-1000 


LXA 


A X 




1/1 


00-1110-1100 


REG 


GA 




1/1 


00-1110-1111 


SEC 


1 GA 




1/1 



W/C Word /Cycle 
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(to be continued) 



OP-CODE 


MNEMONIC 


FUNCTION 


STATUS 


W/C 


f\r\ 1 1 T 1 r\f\ 

00-1111-00 . . 


LWI 


1 


i — »■ W 




1/1 


01-0000-0100 


ANEMD 


d 


A 5^ M(d) — *► A 


NZ 


111 


01-0000-1000 


AMD 


d 


A + M(d) -> A 


OVF 


111 


T f\r\f\f\ T 1 

01-0000-1100 


ORMD 


d 


A U M(d) A 


NZ 


111 


01-0001-0100 


ALEMD 


d 


A ^ M(d) 


NB 


111 


01-0001-1000 


AMCD 


d 


M(d) + A + CA— >^ A, OVF -* CA 


OVF 


111 


01-0001-1100 


EGRMD 


d 


A ® MCd) — > A 


NZ 


2/2 


01-0010- .... 


INEMD 


i.d 


1 T M(d) 


NZ 


2/2 


01-0011-. . . . 


ILEMD 


i,d 


i ^ M(d) 


NB 


2/2 


AT AT AA A A A A 

01-0100-0000 


COMB 




B — ♦ B 




T / T 
1/1 


AT ATAA ATAA 

01-0100-0100 


OR 




A U B — A 




T /T 
1/1 


AT ATAA 1 nnn 
Ui— UiUU— iUUU 


STS 




Start Serial 




T /I 
1/1 


01-0100-1 iOO 


SBY 




standby Mode 




1 /I 
1/1 


01-0100-1101 


STOP 




Stop Mode 




1 / T 
1/1 


01-0101-. . . . 


JMPL 


u 


Long Jump Unconditionally 




2/2 


01-0110-. . . . 


CALL 


u 


Long Subroutine Jump on Status 1 


1 


2/2 


01-0111-. . . . 


BRL 


u 


Long Branch on Status 1 


1 


2/2 


AT T AAA A A A A 

01-1000-0000 


XMAD 


d 


M(d) — * A 




2/2 


/^^ '\ f\r\r\ t\'\ 

01-1000-01 . . 


SEMD 


n,d 


1 — > M(d,n; 




2/2 


01-1000-10 . . 


REMD 


n,d 


M(d,n) 




2/2 


01-1000-11 . . 


TMD 


n,d 


Test Memory Bit M(d,n) 


M(d,n) 


2/2 


01-1001-0000 


LAMD 


d 


M(d) A 




2/2 


01-1001-0100 


LMAD 


d 


A — *• M(d) 




2/2 


01-1001-1000 


SMCD 


d 


M(d) - A - CA -> A, NB CA 


NB 


2/2 


AT TAAT TTAA 

01-1001-1100 


ANMD 


d 


A n M(d) —►A 


NZ 


2/2 


01-1010- .... 


LMID 


i,d 


i — > M(d) 




2/2 


01-1011-. . . . 


P 


P 


Pattern Generation 




1/2 


01-11 ....... 


CAL 


a 


Subroutine Jump on Status 1 


1 


T / O 

1/2 


T A A A A A 

10-0000- .... 


LBI 


i 


i — »• B 




1/1 


T A A A A T 

10-0001- .... 


LYI 


i 


i — * Y 




T /I 
1/1 


10-0010-. . . . 


LXI 


i 


i X 




T / T 
1/1 


10-0011-. . . . 


LAI 


i 


i A 




T / T 
1/1 


10-0100-. . . . 


LBR 


m 


R (m) — ► B 




1/1 


10-0101-. . . . 


LAR 


m 


R (m) A 




T / T 
1/1 


10-0110-. . . . 


REDD 


m 


— ^ D(m) 




T /T 
1/1 


10-0111-. . . . 


LAMR 


m 


MR(m) A 




T / T 
1/1 


T r\ -y f\r\r\ 

10-1000-. . . . 


AI 


i 


A + i -* A 


OVF 


1 /I 
1/1 


10-1001-. . . . 


LMIIY 


i 


i — * M, Y+1 Y 


NZ 


1 /I 
1/1 


10-1010-. . . . 


TDD 


m 


Test Discrete I/O Latch D(m) 


TV /_ \ 

D(m) 


1 / T 
1/1 


10-1011-. . . . 


ALE I 


i 


A ^ i 


NB 


1 /I 
1/1 


10-1100- .... 


LRB 


m 


B RCm; 




1/1 
1/1 


10-1101-. . . . 


LRA 


m 


A — *• R (m) 




1/1 


10-1110- 


. SEDD 


m 


1 D(m) 




1/1 


10-1111- 


XMRA 


m 


MR(m) < — > A 




1/1 


11- - 


BR 


b 


Branch on Status 1 


1 


1/1 



W/C Word/Cycle 
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4. PIN ARRANGEMENT AND PACKAGE DIMENSION 
4.1 Pin Arrangement (Top View) 



o<> □ 

Do □ 
Dm □ 
Dis □ 
Roo □ 
Roi C 
Roj C 
R03 □ 

R.o n 

Rn (C 
Ri2 (E 
RO OE 

Rjo (I 

R21 Q 

R22 a 

R" DC 
RAO QH 
R*,/VdispIIl 

Rm GB 

R3I _ 

Raj/IRTSB 
R33/nfJT'B 
Rso C 



I Oio 

I D9 



Oo 



GNO 

C-OSC2 
ED OSC' 

RESET 

^ R.3 

□I Rm 
R*i 
Rm 

^ R»3 

a Ru 



R71 
01 R70 



B R«] so 

■ R41 SI 
Q R«o SCK 



(DP-64S) 



_m 

Ro. g?^ 



_ 6000 00 o 000 

ifaifafiiriifaifaif^mmmfaiigi 



R02 [7 
R03 Qi 
Rio Q[ 
Ru jT 
R.J (T 

CZ 
Rio (T 
R.d 

Rm Qo 
R23 f77 

R*./Vdisp(]3 
R30 [u 
R3. [15 
R3j/INT7[76 
R33/iNT7[i7 
Rso [l8 
Rs. 



I 0> 
1 ''^ 

j Oo 
] GNO 
I OSC> 
j OSC. 
j TEST 
j RESET 
1 R*3 
i Ru 
] Rt< 
j Rm 
d R«3 
] Ru 
] Rtt 
] Rw 



|S||5llR|lR|^|«J|£jl£jl£j|sjy|5j|a| 

., lif _ O _ - _ 



(FP-64) 



0,2 


E 





43]0,, 


0,3 


11 




13 0,0 


0,4 


d 




^ 09 




E 




S Db 


Roo 


d 




sg 07 


Ro, 


E 




11 06 


R02 


E 




05 


R03 


E 




m D4 


R,o 


E 




5303 


R,, 


m 




^ 02 


R,2 


01 




32) D, 


R,3 


01 




ID Oo 


R20 


Dl 




^ GNO 


R2, 






»] OSC2 


R22 


cn 




D OSC, 


R23 


(n 




HTCST 


Rso 


Dz 




H RESET 


Ra, 


01 




mJ R43 


R32/TFIT0 






E R« 


R33/INT, 






m) r«, 


Vcc 






n R40 



(DP-42, DP-42S) 
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4.2 Package Dimension 



Unit : mm (inch) 



DP-64S 
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5. ELECTRICAL CHARACTERISTICS 

5.1 HMCS402/404/408 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 




Terminal Voltage 


Vt 


-0.3 to Vcc +0.3 


V 


3 


Vcc -^5 to Vcc "♦■0-3 


V 


4 


Trttal Ailnuuanf^e nf Inmit f*ttrronte 




tin 


mA 


5 


Total Allowance of Output Currents 


-Ilo 


150 


mA 


6 


Maximum Input Current 


lo 


15 


mA 


7.8 






4 


mA 


9, 10 


Maximum Output Current 


-lo 


6 


mA 


9, 11 






30 


mA 


9, 12 


Operating Temperature 


"^opr 


-20 to +75 


°C 




Storage Temperature 


"''stg 


-55 to +125 


*C 





(Note 1) Permanent damage may occur if "Absolute Maximum Ratings" are exceeded. Normal operation should be under the conditions of 

"Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all I/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from Vqq to ail I/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Do - Da and R3 - R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc ^^^^ P'"* 

(Note 10) Applied to Do - Dj and R3 - RB. 

(Note 1 1 ) Applied to to RO - R2. 

(Note 12) Applied to D4 - Dis . 
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5.2 HMCS402C Electrical Characteristics 
(1) DC Characteristics 

(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to VCC» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


RESET. SCk, 

ifjTi. int; 




0.7Vcc 




V CC 


V 




SI 




0.7Vcc 


- 


Vcc+0.3 


V 




osc, 




»CC 




V cc 


V 




Input "Low" 
Voltage 


V,L 


RESET, s6k, 
INTo, iKnT ' 




-0.3 




0.22Vcc 


V 




SI 




-0.3 


- 


0.22Vcc 


V 




osc, 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VoH 


SCK.SO 


-loH = 1.0 mA 


Vcc-1.0 


- 




V 




-loH = 0.01 mA 


Vcc -0.3 






V 




Output "Low" 
Voltage 


Vol 


SCK.SO 


loL = 1-6 mA 






0.4 


V 




Input/Output 
Leakage Current 


h.lI 


RESET. §Ck. 
INI7. INTT. 
SI. SO, OSC, 


Vin = OV to Vcc 


- 


- 


1 


/iA 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc=5V 


Crystal or 
Ceramic Filter 
Oscillator 
Option 
foK = 4MHz 






2.0 


mA 


2. 6 


Resistor 
Oscillator 
Option 
= 4MHz 


- 


- 


2.4 


mA 


2.6 


Current 
Dissipation in 
Standby Mode 


'SBYI 


Vcc 


Maximum 
Logic 
Operation 
Vcc = 5V 


Crystal or 
Ceramic Filter 
Oscillator 
Option 
fo9c = 4MHz 


- 


- 


1.2 


mA 


3.6 


Resistor 
Oscillator 
Option 
foe = 4MHz 






1.6 


mA 


3.6 


•SBY2 


Vcc 


Minimum 
Logic 
Operation 
Vcc = 5V 


Crystal or 
Ceramic Filter 
Oscillator 
Option 
foK=4MHz 






0.9 


mA 


4, 6 


Resistor 
Oscillator 
Option 
fo^ = 4MHz 






1.3 


mA 


4.6 


Current 
Dissipation in 
Stop Mode 


'•top 


Vcc 


Vin(TEST) = Vcc-0.3V to Vcc 
Vin(RESET)=0Vto0.3V 






10 


ma 


5 


Stop Mode 
Retain Voltage 


V,top 


Vcc 




2 






V 
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(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vqc voltage 

• Do- Dj , R3- R9 ••• Vcc voltage 

• D4- D,5 , RO- R2, RaO' Rai ••• Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• input/Output; Reset state 

• TIMER-A; -r2 prescaler divide ratio 

• TIMER-B; ^-2 prescaler divide ratio 

• SERIAL Interface ;Stop 
Pinstate; • RESE T -.GND voltage 

• TEST ••• Vcc voltage 

• D0-D3, R3-R9 •• Vcc voltage 
•D4-D15, R0-R2, R^. R^i — Vdisp voltage 

(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

• Input/Output; Reset state 

• TIMER-A; t^2048 prescaler divide ratio 

• TIMER-B; -r2048 prescaler divide ratio 

• SERIAL Interface ;Stop 
Pin state; • RESE T- • GND voltage 

• tlST ... Vcc voltage 

• Do-Ds, R3~R9 ... Vcc voltage 

• D4-D,,, R0~R2, RftQ. Rai - Vtiijp voltage 
(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fosc'^l^^zl , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fo,c=*(MH2] ) =^x max. value (fo,c"4(MHzl ) 



(2) Input/output characteristics for standard pin 

(Vcc=4V to 6V, GND=OV, Vdisp=VcC"^OV to Vcc. Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


Do -Da, 
R3 - R5, R9 




0.7Vcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


Do - Da, 
R3 - R5, R9 




-0.3 




0.22Vcc 


V 




Output "High" 


VOH 


Do - Da , 
R3- R8 


-Iqh = 1.0 mA 


Vcc-1.0 






V 


1 


Voltage 


Do - Da, 
R3-R8 


-loH = 0.01 mA 


Vcc-0.3 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - Da , 
R3-R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


II.lI 


Do - Da , 
R3-R9 


Vin = OV to Vcc 






1 


MA 


2 


Pull-Up MOS 
Current 


-Ip 


Do - Da , 
R3-R9 


Vcc = 5V 
Vin =0V 


30 


60 


120 


ma 


3 



(Note 1) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc. Ta=-20 to +75°C, if not specif ied. ) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 -Di5. R1 
R2, Rao» Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


D4-D15 , R1 
R2, Rao. Rai 




Vcc -40 




0.22VCC 


V 




Output "High" 
Voltage 


VoH 


D4 - Dl5 


-IOH = 15mA. Vcc=5V±10% 


Vrr-3 






V 




— IOH=9rnA 


Vcc -2.0 


- 


- 


V 




RO -R2 


-l0H=3 mA, Vcc=5V±10% 


Vcc-3.0 






V 




-IOH=1.8mA 


Vcc-2.0 






V 




Output "Low" 
Voltaige 


Vol 


D4-D15 
R0-R2 


Vdisp = Vcc-40V 




- 


Vcc -37 


V 


1 


D4-D15 
R0-R2 


150kn to Vcc -40V 






Vcc -37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4-D1S 
R0-R2 
Rao. Rai 


Vin = Vcc -40V to Vcc 






20 




3 


Pull Down MOS 
Current 


Id 


D4-D15 
R0-R2 
Rao. Rai 


Vd«p = VCC-35V 
V|n = Vcc 


125 


250 


500 


ma 


4 



(Note 1 ) Applied to I/O pint with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Puli-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 
(Vcc=4V to 6V, GND=OV, Vdisp=VcC-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


0=0 


Oscillation Frequency 


'o»c 






0.4 


4 


4.5 


MHz 




Crystal 
Ceramic 1 
Oscillai 


Instruction Cycle Time 


^cyc 






1.78 


2 


20 


MS 




Oscillator Stabilization 
Time 


IRC 






- 


- 


20 




1 




Oscillation Frequency 


^•c 


OSCi , OSC2 


Rf=*20kn±2% 


1.8 


3.0 


4.2 


MHz 




:illa 


Instruction Cycle Time 


tcyc 




Rf=20kf2±2% 


1.9 


2.66 


4.44 


MS 






Oscillator Stabilization 
Time 


t„ „ 

IRC 




Rf=20kn±2% 






0.5 




1 




External Clock Frequency 




OSC, 




0.4 


- 


4.5 


MHz 


2 


u 



External Clock "High" 
Level Width 


tcPH 


osc, 




92 






ns 


2 


rnal CI 


External Clock "Low" 
Level Width 


^CPL 


OSC, 




92 


- 


- 


ns 


2 


0) 
X 


External Clock Rise Time 


tcPr 


osc, 








20 


ns 


2 


UJ 


External Clock Fall Time 


^CPf 


osc. 




- 


- 


20 


ns 


2 




Instruction Cycle Time 


tcyc 






1.78 




20 


MS 


2 


ITJT 


"High" Level Width 


t|OH 


INTo 











tcyc 


3 


TNTo "Low" Level Width 


^lOL 


INTO 




2 








3 


INT 


1 "High" Level Width 


t|1H 


WTi 




2 






^cyc 


3 


WTx "Low" Level Width 


t|1L 


INTi 




2 






^cyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


^RSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at "Power-on", or after RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tpQ to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator 
Ci 



Ceramic filter oscillator 



Resistor oscillator 



CrystajJ_ 



.C2 



OSC2 




a OSC, 
OSC, 



GND 

Crystal: 4. 194304MHz NC-18CtNihon Denpa Kogyo) 

Rf : IMfi t2% 

Ci : 22pF±20% 

Cj : 22pF±20% 
(Note 2) 

1/fCP 



GND 

Ceramic filter: CSA4.00MG (Murata) 
Rf : 1Mn±2% 
C. : 30pF±20% 
Ca : 30pFt20% 
(Note 3) 



Rf : 20kn±2% 



OSC, 



(Note 4) 



VcC-0.5 

/ tcPH " 

tCPr 



0.22VCC - 



tCPf 



0.7Vcc-^ 
0.22Vccf • *«STH- 



■tRSTf 
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(5) Serial interface timing characteristics 

(Vcc=4V to 6V, GND=OV, Vciisp=Vcc-40V to VqCv Ta=-20 to +75°C, if not specified. 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 


- 


- 


tcyc 


1,2 


Transfer Clock "High" 
Level Width 


tgCKH 


SCK 


(Note 2) 


5 


_ 




tscyc 


1.2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






tscyc 


1,2 


Transfer Clock Rise Time 


^SCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






100 


ns 


1,2 


Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






300 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




500 






ns 


1 


Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 


1 


' At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK" 




0.5 






tscyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






tscyc 




Transfer Clock Rise Time 


tsCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


^SCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






300 


ns 


1,2 


Serial input Data Set-up Time 


^SSI 


SI 




500 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2 0V(0 7Vcc i. 

O 8V(0.22Vcc) ♦ 



4--tsCKI — -j-tSCKt 



X Vcc -2 0V \/~ 
08V A 



< 



022 Vcc J \ 



* Vcc - 2.0\/ and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc 0-22 Vcc ^re the threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 
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Characteristics Curve (Reference Data) 



1 1 








Ta = -2 
Vcc = 5V 


0~+75 
/ 


°C 
















^ ma 


<. 



























2 3 

fosc(MHz) 

Ice vs. foscCharacteristics 

(Crystal, Ceramic Filter Oscillator Option) 



1 1 1 








Ta=- 
fosc = 


-20-4 
4MHz 


75*0 




















rr 


ax 































2 3 4 5 6 

Vcc(V) 

•cc vs. Vcc Characteristics 

(Crystal, Ceramic Filter Oscillator Option) 















Ta = -2 
Vcc = 5\ 


0~+75 
/ 
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W 
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CO 

0.4 
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Is 
n 


1 

BYl 
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C 




ISBYI 
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max. 
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Vcc Characteristics 
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-c Vcc = 5V 



Vcc = 6V 



«s Vcc=4V 



1 2 3 

Vol(V) 

•OL "f^'"- VS. Vol Characteristics 
(Standard Pin) 
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1.6 

< 

E 

^ 1.2 
> 
ffi 

i 0.8 
0.4 



Ta = -20~+75t 
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7^ 



IsBYl 

|max. 

ISBY2 
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1 



Vcc(V) 
•SBY VS. Vcc Characteristics 
(Resistor Oscillator Option) 
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400 



^ 300 
< 
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1 
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typ. 


























































min. 



























































10 



20 
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40 



50 



/ Vcc-Vdisp(V) 
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\ (Vcc - Vdisp) Characteristics 
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Vcc-Voh(V) 

-Iqh niin vs. (Vcc - Vqh) Characteristics 
(Standard Pin "CMOS") 
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5.3 HMCS402CL Electrical Characteristics 



(1) DC characteristics (Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc» Ta=-20 to +75°C, 
if not specified. ) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, SCK, 

llM I 0, llM 1 1 




0.85Vcc 




Vcc+0.3 


V 




SI 




0.85Vcc 




Vcc+0.3 


V 




OSCi 




Vcc -0.3 


_ 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET. SCK, 
INTO, INTi 




-0.3 


- 


0.1 5 Vcc 


V 




SI 




-0.3 




0.15Vcc 


V 




OSCi 




-0.3 


- 


0.3 


V 




Output "High" 
Voltage 


VoH 


SCK, SO 


-loH =0.1 mA 


Vcc-0.5 






V 




Output "Low" 
Voltage 


Vol 


SCK, SO 


Iql = 0.4mA 


- 


- 


0.4 


V 




Input/Output 
Leakage Current 


1" IL 1 


RESET, SCK, 
IN Jo, iNTi , 
SI, SO, OSCi 


V:„ = V to \/nn 


- 


- 


1 


ttA 


1 


Current 
Oissip3tion in 
Active Mode 


Ice 


vcc 


Vcc = 3 V 
fosc = 2 MHz 


- 


- 


0.6 




4., D 


Current 
Dissipation in 
Standby Mode 


•SBYI 


Vcc 


Maximum Logic Operation 
Vcc = 3 V 
fosc = 2 MHz 






0.5 


mA 


3, 6 


'SBY2 


Vcc 


Minimum Logic Operation 
Vcc = 3 V 
fosc = 2MHz 






0.4 


mA 


4,6 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = VCC-0.2V to Vcc 
Vjn (RESET) = OV to 0.2 V 






10 


ma 


5 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• Do-Dj, R3-R9 - Vcc voltage 

• D4 -D,5 . R0-R2, R^, Rai ••• V(jisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; ^2 prescaler divide ratio 

• TIMER-B; ^2 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESET ■ GN D voltage 

• TEST •• Vcc voltage 

• Do -Da , R3 -R9 ••• Vcc voltage 

• D4-D,s, R0-R2.RaO' • • Vdisp voltage 

(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; -^2048 prescaler divide ratio 

• TIMER-B; ^2048 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T ••• GND voltage 

• TEST - Vcc voltage 

• Do -D3 , R3 -R9 •• Vcc voltage 

• D4-D,s, R0-R2, Rao. Rai -Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fo5c=x(MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
[When Divide-by-8 (D-8) option is selected.] max. value (fosc=^(MHzl ) =^x max. value (fosc=2lMHz) ) 
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(2) Input/output characteristics for standard pin 

(VCC=2.7V to 6V, GND=OV, Vdisp=VcC-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Inmif "Minh" 
iii|jui nijjii 

Voltage 


V,H 


R3- R5, R9 




0.85Vcc 




Vcc "^0.3 


V 




Inmit "1 rtuw" 

Voltage 


V|L 


i-'O '-'3 > 

R3- R5, R9 




-0.3 




15 Voo 

u . u V cc 


V 




Voltage 


VOH 


Dq — D3 , 

R3 - R8 


-lOH =0.1 mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - D3, 
R3- R8 


lOL = 0-^ mA 






0.4 


V 




Input/Output 
Leakage Current 


Mil! 


Do - Da, 
R3- R9 


Vin= OV to Vcc 






1 


ma 


2 


Pull-Up MOS 




Do - D3 , 
R3- R9 


Vcc = 3V 
Vin=OV 


3 


15 


40 


ma 


3 


Current 




Do - D3 , 
R3- R9 


Vcc = 5V 
Vin = OV 


30 


60 


120 




3 



(Note 1 ) Applied to I/O pins with "CMOS" output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 



(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 - Dis. R1 
R2, Rao. Rai 




0.85Vcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 - Dis, R1 

R2, Rao. Rai 




Vcc -40 




O.lSVcc 


V 




Output "High" 
Voltage 


VoH 


D4 ~ Dl5 


-IOH = 15mA, Vcc=5V±10% 


Vcc-3.0 






V 




-lOH =2. 5mA 


Vcc-1.0 






V 




R0~ R2 


-l0H=3 mA, Vcc=5V±10% 


Vcc-3.0 






V 




— •oH = 0.5mA 


Vcc-1.0 






V 




Output "Low" 
Voltage 


Vol 


D4 - Dis 
RO - R2 


Vdi«, = Vcc-40V 






Vcc -37 


V 


1 


D4 - Dis 
RO - R2 


150kn to Vcc -40V 






Vcc -37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2 
Rao. Rai 


Vin = VCC-40V to Vcc 






20 


/iA 


3 


Pull Down MOS 
Current 


'd 


D4 - Dis 
RO - R2 
Rao. Rai 


Vdiw, = Vcc-35V 
Vin = Vcc 


125 


250 


500 


MA 


4 



(Note 1) Applied to I/O pins "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 

(Vcc=2.7V to 6V, GND=OV, Vdisp=VcC-40V to Vcc» Ta=-20 to +75°C, if- not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Oscillation Frequency 


^OSC 


OSCi , OSC2 




0.4 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






3.55 


4 


20 


/Its 




Oscillator Stabilization Time 


tRC 


OSCi , OSC2 








60 


ms 


1 


cxiernai l>iock nign 
Level Width 


tCPH 


OSCi 




203 


- 


- 


ns 


2 


External Clock "Low" 
Level wiuin 


tCPL 


OSCi 




203 




_ 


ns 


2 


External Clock Rise Time 


^CPr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


^CPf 


OSCi 




_ 


_ 


20 


ns 


2 


FNTo "High" Level Width 


t|OH 


TNTo 




2 


- 


- 


tcyc 


3 


INTo "Low" Level Width 


t|OL 


TNTo 




2 






tcyc 


3 


TivnT "High" Level Width 


t|1H 


TntT 




2 






tcyc 


3 


TnTT "Low" Level Width 


t|1L 


TntT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1 MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after \/cc reaches 2.7V at "Power-on", or after RESET input level goes 
"High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input more than tpc 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 



Crystal oscillator 



1—^' — ? — — r 

Crystal]_ I 

J. i 



Ceramic filter oscillator 
Ci 




GND 



Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) 
Rf = 2Mn ± 2%, Rd = 2.2kn ± 2% 
C, •= lOpF ± 20% 
C, « lOpF ± 20% 



Ceramic filter: CSA2.000MK (Murata) 
Rf = 1 Mn ± 2%, Ci =C2 = 30pF ± 20% 



(Note 2) 



OSC. 



VCC-0.3V 



0.3V 



1'fCP- 



(Note 3) 



r-2# \_ 



0.85VCC-C 3. / 

INT..INT, y^tiOH. t|iH-^ — tiOL. tllL-H/ 

0. 15VCC-/ - -J - -j L 



(Note 4) 



0.85Vcc-f^ 
O.ISVcc-/ ^ 



- tRSTH - 



" tRSTf 
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(5) Serial interface timing characteristics 

(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) 



At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 




SCK 


{Note 2) 


1 








1,2 


Transfer Clock "High" 
Level Width 


^SCKH 




SCK 


(Note 2) 


0.5 






^Scyc 


1, 2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scvc 


1.2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






300 


ns 


1,2 


Transfer Clock Fall Time 


^SCKf 


SCK 


(Note 2) 






300 


ns 


1,2 


Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






600 


ns 


1.2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 


1 


Serial Input Data Hold Time 


^HSI 


SI 




500 






ns 


1 


• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scvc 


SCK 




1 






^cyc 


1 


Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






^Scyc 


1 


Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 


1 


Transfer Clock Rise Time 


^SCKr 


SCK 








300 


ns 


1 


Transfer Clock Fall Time 


^SCKf 


SCK 








300 


ns 


1 


Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






600 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 


1 


Serial Input Data Hold Time 




SI 




500 






ns 


1 



(Note 1) Timing Diagram of Serial Interface 



SCK Vcc-O.BV (0.85Vcc)* 
0.4V (0.15Vcc)* 



-|--tSCKf |-tSCK- 



Vcc-O.BV 
■4V 



X 



x: 



/ \ .^^o.ssvcc \ / 
\ / St ^o.isvcc J \ 



♦Vcc-O-SV and 0.4V are the threshold voltage for transfer clock output. 
0.85VCC arid 0.15Vcc a""® threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 
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Characteristics curve (Reference data) 
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5.4 HMCS402AC Electrical Characteristics 



(1) DC characteristics {Vcc=4.5V to 6V, GND=OV, Vciisp=Vcc-40V to VcC, Ta=-20 to +75 
if not specified. ) 



Item 


Symbol 


P!n M^iiTkP 
rill i^al 1 IC 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltsge 


V|H 


RESET,SCK, 
INTO, INTi 




0.7Vcc 


_ 


Vcc+0.3 


V 




CI 




0.7Vcc 


- 


Vcc+0.3 






OSCi 




Vcc-0.5 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


RESET, SCK, 
INTO , INTi 




-0.3 


_ 


0.22Vcc 


V 




SI 




-0.3 


- 


0.22VCC 


V 




OSCi 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VOH 


bUK, bU 


-l0H = 1.0 mA 


Vcc -1.0 






V 




-Iqh = 0.01 mA 


Vcc-0.3 


- 




V 




Output "Low" 
Voltage 


Vol 


SCK, SO 


lOL = 1-6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


RESET, SCR, 
INTO, INTi 
SI, SO, OSCi 


Vin = V to Vcc 






1 


ma 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc = 5 V 
fosc = 6 MHz 






3.0 


mA 


2,6 


Current 
Dissipation in 
Standby Mode 


•SBYI 


Vcc 


Maximum Logic Operation 
Vcc = 5 V 
fosc ~ ^ MHz 






1.8 


mA 


3,6 


ISBY2 


Vcc 


Minimum Logic Operation 
Vcc = 5 V 
fosc = 6MHz 






1.35 


mA 


4,6 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = Vcc -0.3 V to Vcc 
Vjn (RESET) = 0V to 0.3 V 






10 




5 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state: • RESET, TEST ... Vex: voltage 

• Do -D3 , R3 -R9 ••• Vcc voltage 

• D«-D,s , RO- R2, R^. Rai ••• Vjisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• input/Output; Reset state 

• TIMER-A;^2 prescaler divide ratio 

• TIMER-B; ^^2 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T -GND voltage 

• TEST - Vcc voltage 

• Do - Dj, R3-R9". Vcc voltage 

• D4-D, 5, R0-R2, Rao. Rai "Vdisp voltage 

(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

• Input/Output; Reset state 

• TIMER-A; -^2048 prescaler divide ratio 

• TIMER-B; h-2048 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T— GND voltage 

• TEST "Vcc voltage 

• Do - D3 , R3 - R9 • Vcc voltage 

• D4-Di$, R0-R2, Rao. f^Al •••VdispV°'**9® 
(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fo^=x(MHzl , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max, value (fo,c='*(MHz] ) =^x max. value (fo,c= 6 [MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc=4.5V to 6V, GND=OV, sp=Vcc-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Synr^bol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "Hiyh" 
Voltage 


V,H 


Do - D3 
R3 - R5, R9 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


Do - D3, 
R3- R5, R9 




-0.3 




0.22Vcc 


V 




Output "High" 
Voltage 


VoH 


Do - D3 , 
R3- R8 


-loH = 1.0 mA 


Vcc-1.0 






V 


1 


Do - D3, 
R3 - R8 


-loH = 0.01 mA 


Vcc-0.3 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - D3, 
R3- R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do -D3, 
R3 - R9 


Vin = OV to Vcc 






1 


ma 


2 


Pull Up MOS 
Current 




Do -D3, 
R3- R9 


Vcc = 5V 
Vin =0V 


30 


60 


120 




3 



(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mack option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

{Vcc=4.5V to 6V, GND=OV, Vdi sp=Vcc-40V to Vcc> Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 - Dis, R1 
R2, Rao. Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
V^ta^ 


V,L 


D4-D1S . R1 
R2, Rao. Rai 




Vcc -40 




0.22VCC 


V 




Output "High" 
Voltage 


VoH 


D4 - D,5 


-l0H = 15mA, Vcc=5V± 10% 


Vcc -3.0 






V 




-IOH = 9nriA 


Vcc -2.0 






V 




RO - R2 


-IOH=3mA, Vcc=5V ± 10% 


Vcc-3.0 






V 




-l0H = 1.8 mA 


Vcc-2.0 






V 




Output "Low" 
Voltage 


Vol 


D4 - Dis 
RO - R2 


Vdi«, = Vcc-40V 






Vcc -37 


V 


1 


D4 - Dis 
RO - R2 


ISOkfi to Vcc -40V 






Vcc -37 


V 


2 


Input/Output 

Leakage 

Current 


Ii.lI 


D4 - Dis 
RO - R2 

Rao. Rai 


Vin = Vcc-40Vto Vcc 






20 


/iA 


3 


Pull Down MOS 
Current 


Id 


D4 - Dis 
RO - R2 

Rao. Rai 


Vdi«, = Vcc-35V 
V|n =Vcc 


125 


250 


500 


ma 


4 



(Note 1) Applied to I/O pins "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 

(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vqc* Ta=-20 to +75°C, if not specif ied. ) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Oscillation Frequency 


^osc 


0SCi,0SC2 




0.4 


6 


6.2 


MHz 




Instruction Cycle Time 


tcyc 






1.29 


1.33 


20 


MS 




Oscillator Stabilization Time 


tRC 


0SCi,0SC2 




- 


- 


20 


ms 


1 


External Clock "High" 
Level Width 


^CPH 


OSCi 




61 






ns 


2 


External Clock "Low" 
Level Width 


tCPL 


OSCi 




61 


_ 


_ 


ns 


2 


External Clock Rise Time 


tQPf 


OSCi 






- 


20 


ns 


2 


External Clock Fall Time 


tCPf 


OSCi 




- 


- 


20 


ns 


2 


INTo "High" Level Width 


t|OH 


INTo 




2 






tcyc 


3 


IIMTo "Low" Level Width 


^lOL 


INTo 




2 






tcyc 


3 


INTT "High" Level Width 


t|1H 


INTT 




2 






tcyc 


3 


nsiTT "Low" Level Width 


t|1L 


INTT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1 MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at "Power-on", or after RESET input level goes 
"High" by resetting to quit the stop mode by MCU reset. At power ON oi- recovering from stop mode, apply RESET input more than tpc 
to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. When using crystal or 
ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends 
on the circuit constant and stray capacity. 



Crystal oscillator Ceramic filter oscillator 



Ci I C, 




Crystal: 6.0MHz NC-18C (Nihon Denpa Kogyo) 
Rf : IMn ±2% 
Ci : 20pF ±20% 
C2 : 20pF ±20% 



Ceramic filter 
Rf 
Ci 
Cj 



CSA6.00MG (Murata) 
IMn ±2% 
30pF ± 20% 
30pF ± 20% 



OSC, 




1,'fCP - 



— tCPH — tCPL — y 



0.7Vcc-r" 
INT..INT, y-t 
0.22VCC -f - 



(Note 4) 



0.7VCC-1 
0.22VCC-/ 




i~ tRSTf 


L 2 

< tRSTH 
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(5) Serial interface timing characteristics 

(VCC=4.5V to 6V, GND=OV, Vdi sp=Vcc-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scvc 


SCK 


(Note 2) 


1 








1,2 


Transfer Clock "High" 
Level Width 


tscKH 




SCK 


(Note 2) 


0.5 






^Scyc 


1, 2 


Transfer Clock "Low" 
Level Width 


^CKL 


SCK 


(Note 2) 


0.5 






^Scvc 


1. 2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


^SCKf 


SCK 


(Note 2) 






100 


ns 


1.2 


Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Serial Input Data Hold Time 




SI 




150 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






^cyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


^SCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2 0V(0 7Vcc >♦ 
08V{0.22Vcc) 



4-.tsc. - 



tScyc - 

tSCKr 



X 

-< 



VCC-2 0V 
8V 



X 



x: 



/ ^0.22Vcc , C \ 



* Vcc - 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc 3nd 0.22 Vcc s""® threshold voltage for transfer clock input. 



Timing Load Circuit 



Point ^ T " ' 
30pF, Jl2ki2 \- 



Vcc 

I Rl =2 6kii 



1S2074® 
or Equiv. 
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(6) Characteristics Curve (Reference data) 



< 

E 

X 2 



Ta = -20~+75t: 
fosc = 6MHz 




1 2 3 4 5 

Vcc(V) 

•cc vs. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 



500 



400 



300 



200 



100 



1 1 1 1 

Ta=-20~ + 75X: 


































































































































/ 































































Vcc(V) 

-Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 



15' 



typ. 
min. 



Ta = - 


20- + 


75r 




















































































y 





























































































Vcc = 6V 

Vcc = 5V 
Vcc = 4.5V 



1 2 

Voc(V) 

Iql fTi'"- vs. Vol Characteristics 
(Standard Pin) 



2.4 
2.0 
1.6 

< 

I 1.2 



, 0.8 
0.4 



Ta=-20~+75t 
fosc=6MH2 



1 2 3 4 5 

Vcc(V) 

ISBY VS. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator) 




500 



400 



^ 300 
< 



200 



100 



Ta = 


-20 




75°C 












1 

max 


































































































typ. 






















r 




































min. 



























































10 20 30 40 

Vcc-Vdisp(V) 
Id (Pull-down MOS Current) vs. 
(Vcc - Vdisp) Characteristics 



50 




1 2 

Vcc-Voh(V) 

-lOH "i«n vs. (Vcc - Vqh) Characteristics 
(Standard Pin "CMOS") 



HITACHI 




HITACHI 83 



5 HMCS404C Electrical Characteristics 

) DC characteristics 

(Vcc=4V to 6V, GND=OV, Vciisp=Vcc-40V to Vqc* Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


RESET, SCK, 

tnt^.tnt; 




0.7Vcc 




Vcc+0.3 






SI 




0.7Vcc 


- 


Vcc +0.3 


V 




OSCi 




Vcc- 0.5 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


RESET, SCK, 
INTo, INTj 




-0.3 




0.22Vcc 


V 




SI 




-0.3 


- 


0.22Vcc 


V 




osc, 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VOH 


sck;so 


-loH = 1.0 mA 


Vcc~1.0 






V 




-loH = 0.01 mA 


Vcc -0.3 


- 




y 




Output "Low" 
Voltage 


Vol 


SCK, so 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


MilI 


RESET, §Ck, 
TNT7,TNTr. 
SI, SO, OSCi 


Vin = OV to Vcc 


- 


- 


1 


MA 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc=5V 


Crystal or 
Ceramic Filter 
Oscillator 
Option 
W = 4MH2 


- 


- 


2.0 


mA 


2.6 


Resistor 
Oscillator 
Option 
foe = 4MHz 


- 


- 


2.4 


mA 


2,6 


Current 
Dissipation in 
Standby Mode 


•SBYI 


Vcc 


Maximum 
Logic 
Operation 
Vcc = 5V 


Crystal or ' 
Ceramic Filter 
Oscillator 
Option 
fosc = 4MHz 


- 


- 


1.2 


mA 


3, 6 


Resistor 

Oscillator 

Option 

= 4MHz 


- 


- 


1.6 


mA 


3,6 


ISBY2 


Vcc 


Minimum 
Logic 
Operation 
Vcc = 5V 


Crystal or 
Ceramic Filter 
Oscillator 
Option 
foK =4MHz 






0.9 


mA 


4,6 


Resistor 
Oscillator 
Option 
W = 4MHz 






1.3 


mA 


4,6 


Current 
Dissipation in 
Stop Mode 


'•top 


Vcc 


Vjn(TEST) = Vcc-0.3V to Vcc 
Vin(RESET) =0Vto0.3V 






10 


ma 


5 


Stop Mode 
Retain Voltage 


Vftop 


Vcc 




2 






V 
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(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vqc voltage 

• Do- D3,R3-R9 - Vcc voltage 

• D4-D,s, R0-R2, R^, Rai •• V^jsp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; -r2 prescaler divide ratio 

• TIMER S; -r2 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T .• GND voltage 

• TEST ... Vqc voltage 
•Do-Dj, R3- R9 •• Vcc voltage 

• D4-D,5, RO- R2, Rao. f^Al — Vfjjsp voltage 
(Note 4) The tinner/counter operate with the slowest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; ^2048 prescaler divide ratio 

• TIMER-B; -^2048 prescaler divide ratio 

• SERIAL Interface ;Stop 
Pinstate; • RESE T-- GND voltage 

• TEST - Vcc voltage 

• Do -Da . R3- R9 - Vcc voltage 

• D4-D,5, R0-R2, Rao. Rai -Vdisp voltage 
(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fosc'^-'^I'^Hz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc'^^lMHz] ) =7-x max. value (fo$c'=4[MHz] ) 



(2) Input/output characteristics for stan(dar(d pin 

(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc> Ta=-20 to +75°C, if not specifie(d.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


Do - Da, 
R3 - R5, R9 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


Do - Da, 
R3 - R5, R9 




-0.3 




0.22Vcc 


V 




Output "High" 


VoH 


Do - Da, 
R3- R8 


-loH = 1.0 mA 


Vcc-1.0 






V 


1 


Voltage 


Do - Da , 
R3- R8 


-Iqh = 0.01 mA 


Vcc-0.3 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - Da , 
R3 - R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do - Da, 
R3 - R9 


Vin = OV to Vcc 






1 


MA 


2 


Pull-Up MOS 
Current 




Do - Da , 
R3 - R9 


Vcc = 5V 
Vin =0V 


30 


60 


120 


MA 


3 



(Note 1) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 
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(3) Input/output characteristics for high voltage pin 

(VCC=4V to 6V, GND=OV, Vdisp=VCC-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 - Dis, Rl 
R2. RAn. Rai 




0.7Vcc 


- 


Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 - D,s, Rl 
Rao» Rai 




Vcc -40 


- 


0.22VCC 


V 




Output "High" 
Voltage 


VoH 


D4 - Dis 


-IOH = 15mA, Vcc=5V±10% 


Vcc-3.0 






V 




-l0H=9 mA 


Vcc -2.0 


- 


- 


V 




RO - R2 


-l0H=3 mA, Vcc=5V±10% 


Vcc-3.0 






V 




-IOH = ''.8mA 


Vcc-2.0 


— 




V 




Output "Low" 
Voltage 


Vol 


D4 - Dis 
RO - R2 


Vd»p = Vcc-40V 






Vcc-37 


V 


1 


D4 - Di5 

RO - R2 


IOUK&£ TO Vcc— 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - D,5 
RO - R2 

Rao. Rai 


Vin = VCC-40V to Vcc 






20 


/iA 


3 


Pull Down MOS 
Current 


Id 


D4-D1S 
R0-R2 
Rao. Rai 


Vdisp = VCC-35V 
Vin = Vcc 


125 


250 


500 


MA 


4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 

(Vcc=4V to 6V, GND=OV, Vciisp=VcC-40V to Vqc. Td=-20 to +75°C, if not specified. 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


or 

=ilter 
tor 


Oscillation Frequency 


f 


OSCi , OSCj 




0.4 


4 


4.5 


MHz 




Crystal 
Ceramic! 
Osclllai 


Instruction Cycle Time 


^cyc 






1.78 


2 


20 


jUS 




Oscillator Stabilization 
Time 


^RC 


OSCi , OSC2 




- 


- 


20 


ms 


1 




Oscillation Frequency 


^o«c 




D *— 4-00/ 

nf=ZUKi4XZ% 


1.8 


3.0 


4.2 


MHz 




:illa 


Instruction Cycle Time 


tgyc 




Rf=20kn±2% 


1.9 


2.66 


4.44 


MS 






Oscillator Stabilization 
Time 


tpc 


OSCi , OSC2 


Rf=20kn±2% 






yj.o 




1 




External Clock Frequency 


^CP 


OSC, 




0.4 


- 


4.5 


MHz 


2 


u 
o 


External Clock "High" 
Level Width 


tcPH 


OSC, 




92 






ns 


2 


rnal CI 


External Clock "Low" 
Level Width 


tcPL 


OSC, 




92 


— 


- 


ns 


2 


X 


External Clock Rise Time 


^CPr 


OSC, 








20 


ns 


2 


UJ 


External Clock Fall Time 


tcpf 


OSC, 




- 


- 


20 


ns 


2 




Instruction Cycle Time 


^cyc 






1.78 




20 


/IS 


2 


iNTo "High" Level Width 


t|OH 


IIM 1 




2 






^cyc 


J 


INTo "Low" Level Width 




INTo 




2 






*cyc 


3 


INT 


1 "High" Level Width 


t|lH 


TnTI 




2 






^cyc 


3 


INTi "Low" Level Width 


t|1L 


WTi 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


*RSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.0V at "Power-on", or after RESET input 
level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop 
mode, apply RESET input more than tpc to obtain the necessary time for oscillator stabilization. When using crystal or ceramic 
filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on 
the circuit constant and stray capacity. 

Ceramic filter oscillator 



Crystal oscillator 

Ci 



Resistor oscillator 



Crystal[_ I 

I! 



0SC2 



r-ll— 
Ceramic 
filter^i 



0SC2 



OSC, 



OSC, 



GNO 

Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) 
Rf : ^Mn t2% 
Ci : 22pF±20% 
C2 : 22pF±20% 



GND 

Ceramic filter: CSA4.00MG (Murata) 
Rf : 1Mn±2% 
Ci : 30pF±20% 
C2 : 30pF±20% 



Rf : 20kn±2% 



(Note 2) 



OSC, 




1/fCP - 



tcPH iCPL^^^ ^ 



(Note 3) 



7VCC 

INT..TNT: y^tiOH. t|iH-^ — tiOL. tUL 

0.22VCC -/ - 44- 



0.7VCC-1 
0.22VCC ~i 




^ 


L J 

tRSTH 




r~tRSTf 
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(5) Serial interface timing characteristics 

(Vcc=4V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc> Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scvc 


SCK 


(Note 2) 


1 






tcyc 


1, 2 


Transfer Clock "High" 
Level Width 




SCK 


(Note 2) 


0.5 








1.2 


Transfer Clock "Low" 

1 pupI Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1,2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






100 


ns 


1,2 


Serial Output Data ' 
Delay Time 


toso 


SO 


(Note 2) 






300 


ns 


1.2 


Serial Input Data Set-up Time 


tssi 


SI 




500 






ns 




Serial input Data Hold Time 


^HSI 


SI 




150 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


*SCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


^SCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






300 


ns 


1,2 


Serial Input Data Set-up Time 


tssi 


SI 




500 






ns 




Serial Input Data Hold Time 


^HSI 


Si 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2.0V(0.7Vcc 
O.8V(0.22Vcc) 



X 



Vcc-2 OV 
.0 8V 



X 



/ \_^'0.7Vcc \ / 

\ /^ r0.22Vcc J . \ 



* Vcc - 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc and 0.22 Vcc are the threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 



Test J 
Point 



Vcc 



ci 4r --1S207 
30pF .Jl2k52 Eq, 



2.6kS2 
52074® 
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(6) Characteristics Curve (Reference data) 
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IsBY VS. Vcc Characteristics 

(Crystal, Ceramic Filter Oscillator Option) 
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Vcc(V) 

-Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 




Vcc = 6V 



^ Vcc = 5V 



Vcc=4V 



1 2 

Vol(V) 

Iql 'ti'"- vs. Vol Characteristics 
(Standard Pin) 
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'sBY VS. Vgc Characteristics 
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(Vcc - Vdisp) Characteristics 
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-Iqh min vs. (Vcc - Vqh) Characteristics 
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5.6 HMCS404CL Electrical Characteristics 



(1) DC characteristics 

(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


RESET, SCK, 

im^,TNTr 




0.85VCC 


- 


Vcc+0.3 


V 




SI 




0.85VCC 




Vcc+0.3 


V 




OSCi 




Vcc -0.3 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, SCK, 

TiNn7,TNTr 




-0.3 




0.1 5 Vcc 


V 




SI 




-0.3 




0.1 5 Vcc 


V 




OSCi 




-0.3 




0.3 


V 




Output "High" 
Voltage 


VOH 


SCK, so 


-lOH = 0.1 mA 


Vcc-0.5 






V 




Output "Low" 
Voltage 


Vol 






- 


- 


0.4 






Input/Output 
Leakage Current 


HilI 


RESET, SCK, 
INTO, INTi, 
SI, SO, OSCi 


Vin = V to Vcc 


- 


- 


1 


/iA 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc = 3 V 
fosc ~ 2 MHz 


- 


- 


0.6 


mA 


2,6 


Current 
Dissipation in 
Standby Mode 


^SBY1 


Vcc 


Maximum Logic Operation 
Vcc = 3 V 
fosc = 2 MHz 






0.5 


mA 


3, 6 


•SBY2 


Vcc 


Minimum Logic Operation 
Vcc = 3 V 
fosc = 2MHz 






0.4 


mA 


4, 6 


Current 
Dissipation in 
Stop Mode 


'ctop 


Vcc 


Vin (TEST) = Vcc -0.2V to Vcc 
Vin (RESET) = OV to 0.2 V 






10 


ma 


5 


Stop Mode 
Retain Voltage 


V$top 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vqc voltage 

• Do -Ds , R3-R9 • Vcc voltage 

• D4-D.5, R0-R2. Rao. RaI " Vdisp voltage 

(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 
Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; ^2 prescaler divide ratio 

• TIMER-B; -^2 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T - -GND voltage 

• TEST • • Vcc voltage 

• D0-D3, R3-R9 ... Vcc voltage 

• D4-D,5, R0-R2, Rao. Rai -Vdisp voltage 

(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; •Standby Mode 

• Input/Output; Reset state 

• TIMER-A; -r2048 prescaler divide ratio 

• TIMER-B; -r 2048 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESET • GND voltage 

• TEST - Vcc voltage 

• D0-D3, R3-R9 ... Vcc voltage 

• D4-D,s. R0-R2, R AO' f^AI "Vdisp voltage 

(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fo^=x(MHzl , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
(When Divide-by-8 (D-8) option is selected.] max. value (fosc'^t^Hz] ) =^x max. value (fosc=2[MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc=2.7V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc» Ta=-20 to 75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - Da, 
R3 - R5, R9 




0.85VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do - Da, 
R3- R5, R9 




-0.3 




0.15 Vcc 


V 




Output "High" 
Voltage 


VOH 


Do - Da, 
R3- R8 


-loH =0.1 mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Uo — LJa , 
R3-R8 


lOL = 0.4 mA 






0.4 


V 




Input/Output 
Leakage Current 


MilI 


Do - Da, 
R3- R9 


Vin= OV to Vcc 






1 


/iA 


2 


Pull-UpMOS 
Current 


-Ip 


Do - Da, 
R3- R9 


Vcc = 3V 
Vin=OV 


3 


15 


40 


MA 


3 




Do - Da, 
R3- R9 


Vcc = 5V 
Vin = OV 


30 


60 


120 


ma 


3 



(Note 1) Applied to I/O pins with "CMOS" output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc=2.7V to 6V, GND=OV, Vdi sp=Vcc-40V to Vcc Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 - Di5, Rl 
R2, Rao. Rai 




0.85VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 - Dis, Rl 

R2, Rao. Rai 




Vcc -40 




0.15VCC 


V 




Output "High" 
Voltage 


VoH 


D4 - Dis 


-IOH = 15mA. Vcc=5V±10% 


Vcc-3.0 






V 




-IOH=2.5mA 


Vcc -1.0 






V 




RO - R2 


-l0H=3 mA, Vcc=5V±10% 


Vcc-3.0 






V 




-'OH = 0.5mA 


Vcc -1.0 






V 




Output "Low" 
Voltaige 


Vol 


D4 - Dis 
RO - R2 


Vd«p = VCC-40V 






Vcc-37 


V 


1 


D4 - Dis 
RO - R2 


150kJ2 to Vcc -40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2 

Rao. Rai 


Vin = Vcc-40VtoVcc 






20 


ma 


3 


Pull Down MOS 
Current 


id 


D4 - Dis 
RO - R2 

Rao. Rai 


Vdi«, = Vcc -35V 
Vin =Vcc 


125 


250 


500 


ma 


4 



(Note 1 ) Applied to I/O pins "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 

(Vcc=2.7V to 6V, GND=OV, Vdisp=VcC-40V to Vcc, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Oscillation Frequency 


^osc 


OSCi , OSC2 




0.4 


2 


2.25 


MHz 




1 nstruction Cycle Time 


tcyc 






3.55 


4 


20 


/is 




Oscillator Stabilization Time 


tRC 


0SCi,0SC2 




- 


- 


60 


ms 


1 


External Clock "High" 
Level Width 


tCPH 


OSCi 




203 


- 


- 


ns 


2 


External Clock "Low" 
Level Width 


tCPL 


OSCi 




203 






ns 


2 


External Clock Rise Time 


tcPr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


tcPf 


OSCi 








20 


ns 


2 


INTO "High" Level Width 


t|OH 


INW 




2 


- 


- 


tcyc 


3 


INTo "Low" Level Width 


hot 


Wfo 




2 






tcyc 


3 


TnTT "High" Level Width 


t|1H 


tntt 




2 






tcyc 


3 


TNTT "Low" Level Width 


tllL 


intT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1 MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 2.7\/ at "Powver-on", or after RESET input 
level goes "High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tpc ^° obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
Stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator Ceramic filter oscillator 



Ci I Ct 




GND GND 



Crystal: 2.097152MHz DS-MGQ308 (Seiko Denshi) Ceramic filter: CSA2.000MK (Murata) 

Rf = 2Mn ± 2%, Rd = 2.2kn ± 2% Rf=lMn±2%, Ci =C2 = 30pF ± 20% 

C, = lOpF ± 20% 
Cj = lOpF ± 20% 



(Note 2) 
OSC, 

(Note 4) 
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(5) Serial interface timing characteristics 

(Vcc=2.7V to 6V, GND=OV, Vdisp=VcC-40V to Vcc. Ta=-20 to +75°C, if not specif ied. ) 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 




~ 


^cyc 


1 1 2 


Transfer Clock "High" 
Level Width 


^SCKH 


SCK 


(Note 2) 


0.5 






^Scyc 


1.2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1,2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






300 


ns 


1,2 


Transfer Clock Fall Time 


^SCKf 


SCK 


(Note 2) 






300 


ns 


1.2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






600 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 


1 


Serial Input Data Hold Time 




SI 




500 






ns 


1 


• At Transfer Clock Input 


item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


tScvc 


SCK 




1 






tcyc 


1 


Transfer Clock "High" 
Level Width 


tsCKH 


SCK 




0.5 






^Scyc 


1 


Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 


1 


Transfer Clock Rise Time 


tsCKr 


SCK 








300 


ns 


1 


Transfer Clock Fall Time 


HCKI 


SCK 








300 


ns 


1 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






600 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 


1 


Serial Input Data Hold Time 


^HSI 


SI 




500 






ns 


1 



(Note 1 ) Timing Diagram of Serial Interface 



SCK VCC-0.5V (0.85V cc)* 
0.4V (O.IBVcc)* 



Vcc-O.BV 
0.4V 



X 



3C 



M0.85VCC \ y 
0-15VCC 



•VCC-0.5V and 0.4V are the threshold voltage for transfer clock output. 
0.85Vcc and 0.15Vcc the threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 



Vcc 

: Rl =2.6ki2 



Test o . . , , 
Point j ' 
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(6) Characteristics Curve (Reference data) 
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-lOH nnin. vs. (Vcc-Vqh) Characteristics 
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.7 HMCS404AC Electrical Characteristics 
1) DC characteristics 



(Vcc=4.5V to 6V, GND=OV, Vdi sp=Vcc-40V to Vqc. Ta=-20 to +75°C, if not specified. 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, SCK, 
INTo, INTi 




0.7Vcc 


- 


Vcc+0.3 


V 




SI 




0.7Vcc 




Vcc+0.3 


V 




OSCi 




Vcc-0.5 


- 


Vcc+0.3 


V 




inpUl LOW 

Voltage 


V|L 


RESET, SCK, 
INTo,Wn 




-0.3 




0.22VCC 


V 




SI 




-0.3 


- 


0.22Vcc 


V 




OSCi 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VoH 


SCK, SO 


-loH = 1.0 mA 


Vcc -1.0 


- 




V 




-loH = 001 mA 


Vcc-0.3 






V 




Output "Low" 
Voltage 


Vol 


SCK, SO 


IOL = 1-6mA 


- 


- 


0.4 


V 




Input/Output 
Leakage Current 


MilI 


RESET, SUR, 

iNTo,nvrri 

SI, SO, OSCi 


Vjn = V to Vcc 






1 


ma 


1 


Current 
Dissipation in 
Active Mode 


•cc 


Vcc 


Vcc = 5 V 
fosc = 6 MHz 


— 


— 


3.0 


mA 


2,6 


Current 
Dissipation in 
Standby Mode 


•SBY1 


Vcc 


Maximum Logic Operation 
Vcc = 5 V 
fosc = 6 MHz 






1.8 


mA 


3, 6 


•SBY2 


Vcc 


Minimum Logic Operation 
Vcc = 5 V 
fosc = 6MHz 






1.35 


mA 


4,6 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = Vcc -0.3 V to Vqc 
V|n (RESET) = 0V to 0.3 V 






10 


MA 


5 


Stop Mode 
Retain Voltage 


Vftop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET. TEST ... Vcc voltage 

• Do - D3 , R3 - R9 ... Vcc voltage. 

• D4-D,5, R0-R2, R Rai • • Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-A; -r2 prescaler divide ratio 

• TIMER-B; -r2 prescaler divide ratio 

• SERIAL Interface ; Stop 
Pin state; • RESE T -GND voltage 

• TEST ••• Vcc voltage 

• D0-D3. R3-R9 ... Vcc voltage 

• D4 -D,5 , RO - R2, R^, R^l ... Vdisp voltage 
(Note 4) The timer/counter operate with the slowest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TiMER-A; -r2048 prescaler divide ratio 

• TIMER-B; ^2048 prescaler divide ratio 

• SERIAL Interface ;Stop 
Pin state; • RESE T. ••• GND voltage 

• TEST ... Vcc voltage 

• Do-D3, R3-R9 ... Vcc voltage 

• D4-D15, R0-R2, FV^o, Rai ... VdisD voltage 
(Note 5) Pull-down MOS current is excluded. 

(Note 6) When fosc=*lMHzl , the Current Dissipation in Operation mode and Standby mode are estimated as follows; 
max. value (fosc=Jf [MHz] ) max. value (fo,c=6(MH2] ) 
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(2) Input/output characteristics for standard pin 

(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc. Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 




Input "High" 
Voltage 


V|H 


Do - D3, 
R3 - R5, R9 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


v.. 


Do - D3, 
R3 - R5, R9 




-0.3 


_ 


0.22Vcc 


V 




Output "High" 
Voltage 


VoH 


Do - D3, 
R3- R8 


-loH = 1.0 mA 


Vcc-1.0 






V 


1 


Do - D3, 
R3 - R8 


— iQH u.u 1 rriM 


Vcc-0.3 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - D3, 
R3- R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do - D3, 
R3 - R9 


Vin = OV to Vcc 






1 


ma 


2 


Pull-Up MOS 
Current 




Do -D3, 
R3 - R9 


Vcc = 5V 
Vin =0V 


30 


60 


120 




3 



(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mask option. 
(Note 2) Pull-up MOS current and output buffer current are excluded. 
(Note 3) Applied to I/O pins "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc=4.5V to 6V, GND=OV, Vdisp=VcC-40V to Vqc. Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 -D,s, R1 

R2, Rao. Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 -Di5 , R1 
R2, Rao, Rai 




Vcc -40 




0.22V CC 


V 




Output "High" 
Voltage 


VoH 


04 - D15 


-l0H = 15mA, Vcc=5V± 10% 


Vcc-3.0 






V 




-l0H = 9mA 


Vcc -2.0 






V 




RO - R2 


-IOH=3mA, Vcc=5V ± 10% 


Vcc-3.0 






V 




-l0H = 1.8 mA 


Vcc-2.0 






V 




Output "Low" 
Votta^ge 


Vol 


D4 - Di5 

RO - R2 


Vdssp = Vcc-40V 






Vcc-37 


V 


1 


D4 - Di5 
RO - R2 


ISOkflto Vcc-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4-D15 
R0-R2 
Rao, Rai 


Vin = VCC-40V to Vcc 






20 


ma 


3 


Pull Down MOS 
Current 




D4-Di$ 
R0-R2 
Rao. Rai 


Vd«p = Vcc -35V 
V|n =Vcc 


125 


250 


500 


ma 


4 



(Note 1) Applied to I/O pins "with Pull<Jown MOS" selected by mask option. 

(Note 2) Applied to I/O pins "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics 

(VCC=4.5V to 6V, 6ND=0V, Vdisp=Vcc-40V to Vcc, Ta=-20 to +75^C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Oscillation Frequency 


"^osc 


0SCi,0SC2 




0.4 


6 


6.2 


MHz 




Instruction Cycle Time 


tcyc 






1.29 


1.33 


20 


MS 




Oscillator Stabilization Time 


tRC 


0SCi,0SC2 








20 


ms 


1 


External Clock "High" 
Level Width 


^CPH 


OSCi 




61 








2 


External Clock "Low" 
Level wiutn 


tCPL 


OSCi 




O 1 






ns 


2 


External Clock Rise Time 


tCPr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


tCPf 


UbUl 








20 


ns 




INTO "High" Level Width 


t|OH 


INTo 




2 


- 


- 


tcyc 


3 


iNTo "Low" Level Width 


t|OL 


FNTo 




2 






tcyc 


3 


INTi High Level Width 


t|lH 


INTi 




2 






tcyc 


3 


nNPfr "Low" Level Width 


tnu 


INTT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1 MHz 
V|n-OV 






15 


pF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 4.5V at "Power-on", or after RESET input 
level goes "High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tpc obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator 



_-|| — OSCi 
Crystaj]_ I 

►HI * * OSC2 



Ceramic filter oscillator 
Ci 
Ceramic 



I I I t 1 OSC, 
eramic 
filter^>J 

Ml * * OSC2 



GND 

Crystal: 6.0MHz NC-18C (Nihon Oenpa Kogyo) 
Rf : IMfi ±2% 
Ci : 20pF ±20% 
Cj : 20pF ±20% 



GND 

Ceramic filter 
Rf 
Ci 
Cj 



CSA6.00MG (Murata) 
lMn±2% 
30pF ±20% 
30pF ± 20% 



OSC, 



Vcc-0.5> 



1/fCP - 



0.7VCC 

INt„lNT, 

0.22VCC 



c-Jc i. /— 
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(5) Serial interface timing characteristics 

(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vqc* Ta=-20 to +75°C, if not specif ied. ) 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 




- 


tcyc 


1.2 


Transfer Clock "High" 
Level Width 


^SCKH 


SCK 


(Note 2) 


0.5 






tr. 

••Scyc 


1, 2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc, 


1,2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






100 


ns 


1,2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 




SI 




300 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


^CK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


tsCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


^SCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


tssi 


SI 




300 






ns 




Serial Input Data Hold Time 




SI 




150 






ns 





(Note 1 ) Timing Diagram of Serial Interface 



SCK Vcc -2 0V(0 7Vcc ^ 
0.8V(0.22Vcc) ♦ 



-|— - tsCKt — -4— tSCKi 



Vcc-2 OV 
CSV 



X 



yz 



\ / J rO-22Vcc \ 



• Vcc - 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7 Vcc 0.22 Vcc are threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 
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(6) Characteristics Curve (Reference data) 



< 

E 



Ta = -20~-l-75t: 
fosc — 6MHz 




1 2 3 4 5 

Vcc(V) 

'ce vs. Vcc Characteristics 
(Crystal, Ceramic filter Oscillator) 



500 



400 



< 300 



200 



100 



1 1 1 1 

Ta = -20~+75t: 
































— 








































■ 








































>- — 








































1— - 









































Vcc(V) 

-Ip (Pull-up MOS Current) vs. 
Vcc Characteristics 



typ. 
min. 



Vcc = 6V 




1 2 

Vol(V) 

Iql "^'H- vs. Vol Characteristics 
(Standard Pin) 



2.4 
2.0 
1-6 

< 

so 

i 0.8 

00 

0.4 



Ta = -20~+75lC 
fosc=6MHz 



12 3 4 
Vcc(V) 
•sBY VS. Vcc Characteristics 
(Crystal, Ceramic Filter Oscillator ) 




500 



400 



300 



200 



100 



Ta = 


-20 




75°C 












1 

max 










































/ 
























































typ. 






















































min. 











































10 20 30 40 50 

Vcc-Vdisp(V) 
Id (Pull-down MOS Current) vs. 
(Vcc ~ Vdisp) Characteristics 




1 2 

Vcc-Voh(V) 

-Iqh ")\n vs. (Vcc - Vqh) Characteristics 
(Standard Pin "CMOS") 
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5.8 HMCS408C Electrical Characteristics 
(1) DC characteristics 

(Vcc=3.5V to 6V, GND=OV, Vclisp=Vcc-40V to Vcc, Ta=-20 to +75°C, if not specified.) 



Item 


Synnbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


RESET, SCK, 
INToJNTi 




O.SVcc 




Vcc +0.3 


V 




SI 




0.7Vcc 


- 


Vcc +0.3 


V 




OSCi 




Vcc u.o 




Vcc^'^'*^ 


V 




Input "Low" 
Voltage 


V,L 


RESET, SCK, 
INTo , INTi 




-0.3 


- 


0.2 Vcc 


V 




SI 




-0.3 


- 


0.3 Vgc 


V 




osc, 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VoH 


SCK. SO 


-Iqh = 10 mA 


Vcc -10 


— 




V 




— Iqh 0.5 mA 


Vcc -0.5 




_ 


V 




Output "Low" 
Voltage 


Vol 


SCK, SO 


loL = 1-6 mA 


- 


- 


0.4 


V 




Input/Output 
Leakage Current 


IIilI 


RESET, SCK, 
INTo, INT,, 
SI, SO, OSCi 


Vin = OV to Vcc 


- 


- 


1 


ma 


1 


Current 
Dissipation in 
Active Mode 


'cc 


Vcc 


Vcc = 5V.fosc = 4MHz 
Divided by 8 






2.3 


mA 


2.5 


Vcc = 5V,fosc = 2MHz 
Divided by 4 






z.o 


mA 


2.5 


Current 
Dissipation in 
Standby Mode 


'SBY 


Vcc 


Vcc = 5V, fosc = 4MHz 
Divided by 8 






1.2 


mA 


3.5 


Vcc = 5V, fosc = 2MHz 
Divided by 4 






1.2 


mA 


3.5 


Current 
Dissipation in 
Stop Mode 


'•top 


Vcc 


Vin (TEST) = Vcc -0.3V 
to Vcc 

Vin (RESET) = 0V to 0.3V 






10 


mA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset stete. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• D0-D3. R3-R9" Vcc voltage 

• D4-D,s , R0-R2, Rao. Rai •• Vdisp voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• SERIAL Interface ; Stop 
Pin state; • RESE T - GN D voltage 

• TEST •Vcc voltage 

• Do - D3 , R3 - R9 ... Vcc voltage 

• D4 - D,5 , RO - R2, Rao. Rai ••■ Vdi,p voltage 
(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fo$c=^lMHz] , the Current Dissipation in Operation nnode and Standby mode are estimated as follows: 
max. value {fo$c=^(MH2] ) =^x max. value (fofc'^I^^H^j ) 
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Input/output characteristics for standard pin 

(Vcc=3.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc. Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 


V,H 


Do - Da. 

DO DC DA 

Mo — no, ny 




0.7Vcc 


- 


Vcc+0.3 


V 




Input "Low" 
Voltsge 


V,L 


Do - Da, 
no — no, nsj 




-0.3 


- 


O.SVcc 


V 




Output "High" 


VoH 


Do - Da, 
R3 — R8 


— I qh ' "•'^ 


Vcc-1.0 






V/ 

V 


1 


Voltage 


Do - Da, 
R3- R8 


—'oh = 0.5 mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - Da, 
R3- R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


IIilI 


Do - Da, 
R3- R9 


Vin = OV to Vcc 






1 


MA 


2 


Pull-Up MOB 
Current 




Do - Da. 
R3- R9 


Vcc = 5V 
Vin =0V 


30 


60 


150 


ma 


3 



(Note 1) Applied to I/O pins specified as "CMOS Output". 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins specified as "with Pull-up MOS". 



Input/output characteristics for high voltage pin 

(Vcc=3.5 to 6V, GND=OV, Vdisp=Vcc-40V to Vcc. Ta=-20 to +75°C, if not specif ied. ) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 -Dis, Rl, 
R2, Rao. Rai 




0.7Vcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 -Di5. Rl. 
R2, Rao. Rai 




Vcc -40 




0.3 Vcc 


V 




Output "High" 
Voltage 


VoH 


D4 - Dis 


-loH=15mA, Vcc=5V±20% 
-loH = 10mA, Vcc=5V±20% 
— loH=4mA 


Vcc -3.0 
Vcc -2.0 
Vcc -10 






V 




RO - R2 


-loH = 3mA, Vcc=5V±20% 
-loH=2mA, Vcc=5V±20% 
-loH=0.8mA 


Vcc -3.0 
Vcc -2.0 
Vcc 1.0 






V 




Output "Low" 
Voltage 


Vol 


D4 - Dis, 
RO - R2 


Vdi«, = Vcc -40V 






Vcc -37 


V 


1 


D4 - Dis 
RO - R2 


150kn to Vcc -40V 






Vcc -37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2, 
RaO' Rai 


Vin = Vcc-40VtoVcc 






20 


MA 


3 


Pull Down MOS 
Current 


Id 


D4 - Dis, 
RO - R2, 
Rao 


Vdi«, = Vcc-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1 ) Applied to I/O pins specified as "with Pull-down MOS." 

(Note 2) Applied to I/O pins specified as "without Pull-down MOS (PMOS Open Drain)". 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins specified as "with Pull-down MOS." 
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(4) AC characteristics 

(Vcc=4V to 6V, GND=OV, Vclisp=Vcc-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


oy 1 1 lUwi 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Clock Oscillation Frequency 


^osc 


OSCi, OSC2 


Divide-by-8 


0.4 


4 


4.5 


MHz 




Divide-by -4 


0.2 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






1.78 


2 


20 


MS 




Oscillation Stabilization Time 




OSCi , OSC2 




- 


- 


20 


ms 


1 


External Clock 




OSCi 


Divide-by-8 


92 


- 


- 


ns 


2 


"High" Level Width 


Divide-by-4 


203 


- 


- 


ns 


2 


External Clock 




OSCi 


Divide-by-8 


92 


_ 


_ 


ns 


2 


"Low" Level Width 


Divide-by-4 


203 


- 


- 




2 


External Clock Rise Time 


^cpr 


OSCi 








20 


ns 


2 


External Clock Fall Time 




OSCi 








20 


ns 


2 


INTo "High" Level Width 


^lOH 


INTO 




2 






Qt? 


3 


TRTo "Low" Level Width 


t|OL 


WTo 




2 






tcyc 


3 


iKrn "High" Level Width 


t|1H 


TNTT 




2 






tcyc 


3 


JWTi "Low" Level Width 


t|1L 


INTI 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=lMH2 
Vin =0V 






15 


PF 




RESET Fall Time 


^RSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 3.5V at "Power-on", or after RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tpQ to obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 

Ceramic filter oscillator 
Ci 





GND 

Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) 

Rf : ^Mn ±20% 

C. : 22pF±20% 

C2 : 22pF±20% 
(Note 2) 

— 1/fcP — 



GND 

Ceramic filter: CSA4.00MG (Murata) 



lMHz±20% 
30pF±20% 
30pF±20% 
(Note 3) 



Vcc-0.5- 

tcPr 



INT„INT, /-t\OH, t|1H*V— tiOL. t|iL — |/ 

0.2VCC-/ - -J - 



(Note 4) 



0.2Vfcc-/ ^ ^RSTH— ^ L ^ 

Hr~tRSTf 
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Serial interface timing characteristics 

(VCC=3.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc> Ta=-20 to +75°C, if not specified.) 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 
Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scvc 


SCK 


(Note 2) 


1 






tcyc 


1,2 


Transfer Clock "High" 
Level Width 


^SCKH 


SCK 


(Note 2) 


0.5 






^Scyc 


1.2 


Transfer Clock "Low" 
Level Width 


^SCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1. 2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1.2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






100 


ns 


1.2 


Serial Output Data 
Delay Time 


toso 


so 


(Note 2) 






300 


ns 


1.2 


Serial Input Data Set-up Time 


^SSI 


SI 




500 






ns 


1 


Serial Input Data Hold Time 




SI 




150 






ns 


1 


• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 
Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Transfer Clock Cycle Time 


tscyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


tsCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


tsCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






300 


ns 


1.2 


Serial Input Data Set-up Time 


tssi 


SI 




500 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 





(Note 1 ) Timing Diagram of Serial Interface 



4- - tSCKI 1- tSCK, 

0.8V(0.2Vfcc). / r tSCKH-4\ / \ 



X 



Vcc -2 OV 
8V 



X 



\ / ^0.3Vfcc 2 \ 



(Note 2) Timing Load Circuit 



• Vcc - 2,0V and 0.8V are the threshold voltage for transfer clock output. 
0.8 Vcc 3"Cl 0.2 Vcc a""® threshold voltage for transfer clock input. 

Vcc 

Rt =2.6ku 



ci in ^182074® 



- - or Equi 
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5.9 HMCS408CL Electrical Characteristics 
(1) DC characteristics 

(Vqc=2.5Y to 6V, GND=OV, Vciisp=Vcc-40V to VcCvTa=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 




Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


Rtbc 1 , bUlv, 




0.8 Vcc 


_ 


Vcc +0.3 


V 




SI 




0.7Vcc 


- 


Vcc +0.3 


y 




OSCi 




Vcc -0.5 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


RESET, SCK, 
INTo. INTi 




-0.3 


- 


0.2 Vcc 


V 




SI 




-0.3 


— 


0.3 Vcc 


V 




OSCi 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VOH 


SCK, so 


— Iqh ~ 0-3 iTiA 


Vcc-0.5 


- 




V 




Output "Low" 
Voltage 


Vol 


SCK", SO 




- 


- 


0.4 


V 




Input/Output 
Leakage Current 


1 i.. 1 


RESET, SCK, 
INTo, INTi , 
SI, so, OSCi 


Vin = OV to Vcc 

• in \^\^ 


— 




1 


MA 


1 


Current 
Dissipation in 
Active Mode 


'cc 


vcc 


Vcc = 3V, fosc = 4MH2 
Divided by 16 






1.1 


mA 


2.5 


Vcc = 3V, fosc = 2MHz 
Divided by 8 






1.1 


mA 


2.5 


Current 
Dissipation in 
Standby Mode 


'SBY 


Vcc 


Vcc = 3V, fosc = 4MHz 
Divided by 16 






0.5 


m A 


3.5 


Vcc = 3V,fosc= 2MHz 
Divided by 8 






0.5 


mA 


3.5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = Vcc -0.3V 
to Vcc 

Vin (RESET) = 0V to 0.3V 






10 


AtA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• Do -Da, R3 - R9 ... Vcc voltage 

• D4-D,s , RO - R2, Rao, Rai - Vdisp voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• SERIAL Interface ;Stop 
Pin state; • RESE T -.GND voltage 

• TEST • • Vcc voltage 

• Do -Da, R3 - R9 ... V^j, voltage 
•D4-D,s, RO - R2, RaO' Rai ••• Vdi,p voltage 

(Note 4) Pull-down MOS current is excluded. j x ,, 

(Note 5) When fo«:=x[MHz] , the Current Dissipation in Operation nnode and Standby mode are estimated as follows: 

max. value (fo,c=J«[MHz] ) =^x max. value (fo,c=4[MHz] ) 
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Input/output characteristics for standard pin 

(Vcc=2.5V to 6V, GND=OV, Vdisp=VcC-40V to Vcc> Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


Do -D3, 
R3 - R5, R9 




0.7Vcc 


— 


Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


Do -D3, 
R3 - R5, R9 




-0.3 


- 


0.3 Vcc 


V 




Output "High" 


Vqh 


Do — D3, 
R3- R8 


-loH = 1.0 mA 


Vcc-1.0 






V 


1 


Voltage 


Do -D3. 
R3- R8 


—•oh = 0.5 mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do -D3, 
R3-R8 


loL = 1-6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do -D3, 
R3- R9 


Vin = OV to Vcc 






1 


MA 


2 


Pull-up MOS 




Do -D3, 


Vcc = 3V, Vin = OV 


3 


15 


50 


MA 


3 


Current 




R3- R9 


Vcc = 5V, Vin = OV 


30 


60 


150 





(Note 1 ) Applied to I/O pins specified as "CMOS Output". 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins specified as "with Pull-up MOS". 



Input/output characteristics for high voltage pin 

(Vcc=2.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc» Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 -Dis, R1. 
R2, Rao, Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Di5, R1, 
R2, Rao» Rai 




Vcc -40 




0.3 Vcc 


V 




Output "High" 
Voltage 




D4 - Dis 


-Iqh = 15mA, Vcc = 5V 
± 20% 

-loH = 10mA, Vcc = 5V 
±20% 

-Iqh = 4inA 


Vcc -3.0 
Vcc-2.0 
Vcc-1.0 






V 




VoH 


RO - R2 


-loH = 3mA, Vcc = 5V 
-loH = 2mA. Vcc = 5V 
± 20% 

-•oh - 0.8 mA 


Vcc -3.0 
Vcc -2.0 

Vcc -10 






V 




Output "Low" 


Vol 


D4 - Dis 
RO - R2 


Vdi«, = Vcc-40V 






Vcc-37 


V 


1 


Voltage 


D4 - Dis 
RO - R2 


150kn to Vcc-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2, 
RaO' Rai 


Vin = Vcc -40V to Vcc 






20 


MA 


3 


Pull Down MOS 
Current 


•d 


D4 - Dis 
RO - R2, 
Rao 


Vdiw = Vcc-35V 
Vin = Vcc 


125 


250 


600 


MA 


4 



(Note 1) Applied to I/O pins specif led as "with Pull-down MOS". 

(Note 2) Applied to I/O pins specified as "without Pull-down MOS (PMOS Open Drain)". 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins specified as "with Pull-down MOS". 
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(4) AC characteristics 

(VCG=2.5V to 6V, GND=OV, Vciisp=VcC-40V to Vqc. Ta=20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Clock Oscillation Frequency 




OSC1.OSC2 


divide-by-liB 


0.8 


4 


4.5 


MHz 




divide-by -8 


0.4 


2 


2.25 


MHz 




Instruction Cycle Time 


^yc 






3.55 


4 


20 


MS 




Oscillation Stabilization Time 




OSCi , OSC2 




- 


- 


60 


ms 


1 


External Clock 


tcPH 


OSCi 


d ivide-by -1 6 


92 


- 


- 


ns 


2 


"High" Level Width 


divide-by-8 


203 


- 


- 


ns 


2 


External Clock 


IcPL 


OSCi 


divide-by-16 


92 


- 


- 


ns 


2 


"Low" Level Width 


dlvlde-by-8 


203 


- 




ns 


2 


External Clock Rise Time 


^cpr 


OSCiL 








20 


ns 


2 


External Clock Fall Time 


tcpf 


OSCi 




_ . 


_ 


20 


ns 


2 


fRT^ "High" Level Width 


t|OH 


nm 




2 






tcyc 


3 


TNTo "Low" Level Width 


t|OL 


INTo 




2 






tgyc 


3 


TfSTi "High" Level Width 


t|lH 


nsrn 




2 






tcyc 


3 


Wi "Low" Level Width 


t|1L 


INTI 




2 






^cyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 2.5V at "Power-on", or after RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tpc obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic fitter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator 



CrystaJL I 

Ml— Uv-( 



Rd 



Ceramic filter oscillator 
C, 



Ceramic 

fil 



OSC2 



GND 



Crystal: 2.097152 MHz 0.5»MGQ308C 
Rf : 1Mn±20%, Rd - 2.2kn±20% 
C, : 10pF±20% 
Ca : 10pF±20% 

(Note 2) 



GND 

Ceramic filter: CSA2.000MK (Murata) 
Rf:1MHz±20% 
Ci : 30pF±20% 
Cj : 30pF±20% 
(Note 3) 



Vcc-0.3- 



0.8Vcc-f= ^- 
INTJNT, y-t|OH. tllH*^ — tiOL. t|lL- 

0.2VCC-A - -J- 



(Note4) 



0.8 Vcc -F 
RESET 0.2 Vf 



" tRSTf 
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(5) Serial interface timing characteristics 

(Vcc=2.5V to 6V, GND=OV, Vdi sp=Vcc-40V to Vcc> Ta=-20 to +75°C, if not specified. 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 


- 


- 


tcyc 


1, 2 


Transfer Clock "High" 
Level Width 


tsCKH 


SCK 


(Note 2) 


0.5 








1,2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1.2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






300 


ns 


1.2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






300 


ns 


1.2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






600 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 




Serial Input Data Hold Time 




SI 




500 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








300 


ns 




Transfer Clock Fall Time 


tsCKf 


SCK 








300 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






600 


ns 


1.2 


Serial Input Data Set-up Time 


^SSI 


SI 




1000 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




500 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2.0V (I 
0.8V (I 



-|-»tSCKf — --tsCKr 

(0.2VCC). J h^SCKH-^^ / 



X Vcc -2 0V \V~ 
2^ A_ 



tssH h-*Hsi- 



Timing Load Circuit 



T«st 

Point 



* Vcc -2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8 Vcc and 0.2 Vcc are the threshold voltage for transfer clock input. 

Vcc 

Rl =2.6kii 



1 



1S2074(9 
- - or Equiv. 
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5.10 HMCS408AC Electrical Characteristics 
(1 ) DC characteristics 

(Vcc=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vqc^ Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


RESET, SCK. 

int^.int; 




0.8Vcc 




Vcc+0.3 


V 




SI 




0.7Vcc 


- 


Vcc+0.3 


V 




osc, 




Vcc- 0.5 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


RESET. SCK. 

IMT INIT 




-0.3 




0.2 Vcc 


V 




SI 




-0.3 


- 


0.3 Vcc 


V 




osc, 




-0.3 




0.5 


V 




Output "High" 
Voltage 


VoH 


sck;so 


-loH = 1.0 mA 


Vcc-1.0 






V 




1 = n P\ m A 

— IqH — U.y mM 


Vcc -0.5 










Output "Low" 
Voltage 




SCK. so 


Iql = 1.6 mA 




- 


0.4 


V 




Input/Output 
Leakage Current 


HilI 


RESET, §Ck!. 

iNTV.iwr;, 
SI, so. osc, 


Vin =0V to Vcc 






1 


ma 


1 


Current 
Dissipation in 
Active Mode 


'cc 


Vcc 


Vcc = 5V,f„c = 8MHz 
Divide-by-4 






4.5 


mA 


2.5 


Current 
Dissipation in 
Standby Mode 


•SBY 


Vcc 


Vcc = 5V 
fosc = 8MHz 
Divide-by-4 






1.7 


mA 


3.5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = Vcc -0.3V 
to Vcc 

Vin (RESET) = 0Vto0.3V 






10 


MA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET. TEST ... Vqc voltage 

• Do - Da , R3 - R9 ... Vcc voltage 

• D4 - D,s . RO - R2, Rao, RaI ••• Vdisp voltage 
(Note 3) The timer/counter and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• SERIAL Interface ; Stop 
Pin state; • RESE T ...GND voltage 

• TEST ...Vcc voltage 

• Do - D J, R3 - R9 ... Vcc voltage 

• D4 - D,s, RO - R2. Rao, Rai - Vdisp voltage 
(Note 4) Pull-down MOS current Is excluded. 

(Note 5) When foK"x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 



max. value (fo,c"Jc[MHz] ) = — x max. value (fosc==4lMHzl 
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(2) Input/output characteristics for standard pin 

(Vcc=4.5V to 6V, GND=OV, Vdisp^Vcc'^OV to Vcc. Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


Do -D3, 
R3- R5, R9 




OJVcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


Do -D3, 
R3- R5, R9 




-0.3 




0.3 Vcc 


V 




Output "High" 


VoH 


Do -D3, 
R3-R8 


-loH = 1-0mA 


Vcc-1.0 






V 


1 


Voltage 


Do -D3, 
R3- R8 


—'oh = 0.5 mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do -D3, 
R3 - R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do - D3, 
R3- R9 


Vin = OV to Vcc 






1 


ma 


2 


Pull-Up MOS 
Current 


-Ip 


Do - D3, 
R3- R9 


Vcc = 5V 
Vin =0V 


30 


60 


150 


ma 


3 



(Note 1 ) Applied to I/O pins specified as "CMOS Output". 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins specified as "with Pull-up MOS". 



(3) Input/output characteristics for high voltage pin 

(Vcc=4.5 to 6V, GND=OV, Vdi sp=VcC-40V to VcG, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 - Dis, R1. 
R2, RaO' Rai 




0.7Vcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 - Dis, R1, 
R2, Rao, Rai 




Vcc -40 




Vcc-0.3 


V 




Output "High" 
Voltage 


VoH 


D4 - Dis 


-loH=15mA, Vcc=5V±20% 
-loH=10mA, Vcc=5V±20% 
— 'oH=4mA 


Vcc -3.0 
Vcc -2.0 
Vcc -1.0 






V 




RO - R2 


-loH=3mA, Vcc=5V±20% 
-loH=2mA, Vcc=5V±20% 
-loH^O.BmA 


Vcc -3.0 
Vcc -2.0 
Vcc -10 






V 




Output "Low" 
Voltage 


Vol 


D4 - Dis, 
RO - R2 


Vdi«, = Vcc-40V 






Vcc -37 


V 


1 


D4 - Dis, 
RO - R2 


150kn to Vcc -40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2, 
RaO' Rai 


Vin = Vcc-40VtoVcc 






20 




3 


Pull Down MOS 
Current 


"d 


D4 - Dis, 
RO - R2, 
Rao 


Vdi«> = Vcc-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1) Applied to I/O pins specified as "with Pull-down MOS". 

(Note 2) Applied to I/O pins specified as "without Pull-down MOS (PMOS Open Drain)". 

(Note 3) Puli-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins specified as "with Pull-down MOS". 
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(4) AC characteristics 

(VCC=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vcc» Ta=-20 to +75%, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


— WP__^ 


max 


Clock Oscilation Frequency 


fo9C 




divide-by-4 


0.4 


4 


4.5 


MHz 




Instruction Cycle Time 


^VC 




divide-by-4 


0.89 


1 


20 


MS 




Oscillation Stabilization Time 


^RC 


0SCi,0SC2 




_ 


_ 


20 


ms 


1 


External Clock 
"High" Level Width 


^CPH 






92 






ns 


2 


External Clock 
"Low" Level Width 


tcPL 


OSCi 




92 






ns 


2 


External Clock Rise Time 


tcpr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


tcpf 


OSCi 








20 


ns 


2 


TOT^ "High" Level Width 


t|OH 


Wfo 




2 






^cvc 


3 


TNTo "Low" Level Width 


tlOL 


INTO 




2 






^cyc 


3 


iMT. "ujgk" Levs! Width 


t|1H 


TKiw: 




2 






^cyc 


3 


IRTI "Low" Level Width 


t|1L 


mTi 




2 






^cyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


^RSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at "Powwer-on", or after RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tpc *o obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator 



OystaJT 

T-C2 



Ceramic filter oscillator 



Cerami 
filteri 



OSC2 



am'ic t 



0SC2 



Crystal 
Rf 
Ci 
C2 

(Note 2) 



GNO 

4.194304MHz NC-18C(Nihon Denpa Kogyo) 
IMn ±20% 
22pF±20% 
22pF±20% 



GND 

Ceramic filter: CSA4.00MG (Murata) 
Rf : 1MHz±20% 
Ci : 30pF±20% 
Ci : 30pF±20% 
(Note 3) 



1/fCP - 



0.8 Vcc- C 3 . /- 

I.INT, y-t|OH. t|lH-V — tiOL. ^'^L— 1/ 



(Note 4) 



0.8 Vcc - 
«ESET 0.2 Vcc-/ 



-ir"tRSTf 
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(5) Serial interface timing characteristics 

(VCC=4.5V to 6V, GND=OV, Vdisp=Vcc-40V to Vqc, Ta=-20 to +75°C, if not specified.) 



At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 






tcyc 


1.2 


Transfer Clock "High" 
Level Width 


tsCKH 


SCK 


(Note 2) 


0.5 






^Scyc 


1.2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1. 2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1.2 


Transfer Clock Fall Time 


^SCKf 


SCK 


(Note 2) 






100 


ns 


1.2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1.2 


Serial Input Data Set-up Time 




SI 




300 






ns 




Serial Input Data Hold Time 




SI 




150 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






tscyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK" 




0.5 






^Scyc 




Transfer Clock Rise Time 


tsCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


tsCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Serial Input Data Hold Time 




SI 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2.0V (I 
0.8V <( 



-j--tSCK» — tSCK. 

/(0.8vcc).i_,3,,^^.r— ^ jr 

<0.2VCC). / h^SCKH-^\ 4 







X 




-tssi- 


— tHSI — 



XI 



\ 0-3 vcc J \_ 



* ^CC - 2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.8 Vcc and 0.2 Vcc S""® threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 



Point T T 



30pF' 



i: Rl =2.6ku 
1S2074® 



12kfi -^o' Equiv. 
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(6) Characteristics Curve (Reference Data) 



< 











































































fosc 


:=4Mt 


Iz, 

/. 














n 


axvxae-uy-H- 

1 1 
fosc=4MHz, 
















divide-by-8 
fosc=4MHz, 
















div 


Lde-t 


)y-l( 

























Vcc(V) 

Iqq vs Characteristics 
(Crystal, Ceramic Filter 
Oscillator Option) 




f osc=4MHz , 
divide-by-4 
f osc=4MHz, 
divide-by-8 
f osc=4MHz 
divide-by-16 



7 

(V) 



ISBY ^CC Characteristics 
(Crystal, Ceramic Filter 
Oscillator Option) 
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0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 q qq Qg 1.0 1.2 1.4 1.6 1.8 2.0 

Vol(V) Vcc-Voh (V) 

lOL min vs Vql Characteristics -Iqjj min vs (Vqq - Vqh) Characteristics 

(Standard Pin) (Standard Pin) 



10 







,=6V 


Vcc = 5V 
/ 

^cc ~ 


4V 








A, 


C=3.5V 










= 2.5V 























1 2 3 4 5 



Vcc-Voh(V) 

-Iqh roin vs (Vcc - Vqjj) Characteristics 
(D4 - D5 Pins) 







, = 6V 
Vcc = 


= 5V ^ 
















!.5V 










Vcc = 


J.5V 



























1 2 3 4 5 6 



Vcc-VoH (V) 

-Iqh inin vs (V(-Q - Vqh) Characteristics 
(Rq - R2 Pins) 
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5.n HMCS412/414 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 




Terminal Voltage 


vt 


-0.3 to Vcc +0.3 


V 


3 


Vcc -45 to Vcc +0.3 


V 


4 


Total Allowance of Input Currents 


Slo 


25 


mA 


5 


Maximum Input Current 


lo 


15 


mA 


7.8 


Maximum Output Current 


-lo 


4 


2 


mA 


9, 10, 13 


6 


3 


mA 


9,11,13 


30 


15 


mA 


9, 12, 13 


Total Allowance of Output Currents 


-Slo 


85 


100 


mA 


6, 13 


Operating Temperature 


Topr 


-20 to +75 


"C 




Storage Temperature 


"""stg 


-55 to +125 


"C 





(Note 1 ) Permanent damage may occur if "Absolute Maximum Ratings" are exceeded. Normal operation should be under the conditions of 

"Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltage are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all I/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from Vqc to a" '/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Do - D3 and R3 - R4. 

(Note 9) Maximum output current is the maximum amount of output current from Vqc to each I/O pin. 

(Note 10) Applied to - D3 and R3 - R4. 

(Note 11) Applied to RO - R2. 

(Note 1 2) Applied to D^ -Dy^. 

(Note 13) -rio = 100mA if -Iq is equal to or less than 2mA, 3mA, or 15mA. 
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5.12 HMCS412C Electrical Characteristics 



(1) DC characteristics 

(Vcc = 3.5Vto 6V, GND = OV, Vdisp = Vcc-^OV to Vcc. Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, 

R32/INT0, 

R33/INT1 




0.8VCC 


- 


Vcc+0.3 


V 








OSCi 




Vcc-0.5 


— 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 

R32/INT0, 

R33/INT, 




-0.3 


- 


0.2VCC 


V 








OSCi 




-0.3 


_ 


0.5 


V 




Input/Output 
Leakage Current 


1 1 . . 1 
1 I|lI 


RESET, 

R32/INTo, 

R33/INTi,OSCi 


Vjn = OV to Vcc 


- 


- 


1 




1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


VcC = 5V,fosc = 4MHz 
divide-by-S 


- 


- 


1.8 


mA 


2.5 


Vcc = 5V,fosc = 2MHz 
divide'by~4 






1.8 


mA 


2.5 


Current 
Dissipation in 
Standby Mode 


ISBY 


Vcc 


VcC = 5V,fosc = 4MHz 
divide-by-8 






1.0 


mA 


3.5 


VcC = 5V,fosc = 2MHz 
divide-by-4 






1.0 


mA 


3.5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = VCC-0.3V to Vqc 
Vcc. Vjn (RESET) =0 to 0.3V 






10 


mA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded, 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• Do - Dj , R3 - R4 ... Vcc voltage 

• D4 - D,4 . RO - R2, Rao. RaI • • Vdisp voltage 
(Note 3) The timer/counter operate with the fastest dock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; • RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do - D3 . R3 - R4 ... Vcc voltage 

• D4 - D,4, RO - R2, Rao- RaI ••• Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fg^^. = x[MHz1 , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max, value (fosc = -JclMMz] ) =-jx max, value (fosc = 4[MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc = 3.5V to 6V, GND = OV, Vjisp = Vcc-40V to Vcc, Ta = -20 to +75°C, If not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - Da, Rao, 
Rai , R4 




OJVcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do - Da 
R31VR4 




-0.3 




0.3VCC 


V 




Output "High" 


vQH 


Do -Da, 
R31.R4 


-Iqh = 1.0mA 


Vcc-1.0 






V 


1 


Voltage 


Do - Da, 
R31-R4 


— 'oh - 0.5mA 


VcC-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - Da, 
R31 , R4 


Iql = 1-6mA 






0.4 


V 




Input/Output 
Leakage Current 




Do - Da, 
R31 , R4 


Vin = 0Vto Vcc 






1 


ma 


2 


Pull-UpMOS 
Current 


-ip 


Do - Da, 
R31.R4 


Vcc = 5V 
Vin = OV 


30 


60 


150 




3 



(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mask option, 

(Note 2) Pull-up MOS current and output buffer current are pxcliided^ 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc = 3.5V to 6V, GND = OV, Vdisp = Vcc-40V to Vcc. Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di4, R1 
R2,Rai 




0.7VCC 




VcC+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Di4, R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - Di4 


-lOH = 15mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-lOH = 10mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




-Iqh = 4mA 


vcc-1.0 






V 




RO - R2 


-iQH = 3mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-Iqh = 2mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




-l0H = 0.8mA 


Vcc-1.0 






V 




Output "Low" 
Voltage 


Vol 


D4 -Di4 
RO - R2 


Vdisp = Vcc-40V 






Vcc-37 


V 


1 


D4 - Di4 
RO - R2 


150kJ2to VCC-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


II, lI 


D4-Di4 

RO - R2 

Rai 


Vin = VCC-40V to Vcc 






20 




3 


Pull Down MOS 
Current 


Id 


D4 - Di4 
RO - R2 

Rai 


Vdisp = VCC-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vcc = 3.5V to 6V, GND = OV, Vjisp = Vcc~40V to Vcc» Ta » -20 to +75°C, If not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Cond itions 


min 


typ 


max 


Oscillation Frequency 


^osc 


0SC,.0SC2 


divide-by-8 


0.4 


4 


4.5 


MHz 




divide-by-4 


0.2 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






1.78 


2 


20 


MS 




Oscillator Stabilization Time 


tRC 


OSC, , OSC2 








20 


ms 


1 


External Clock "High" 


tCPH 


OSC, 


divide-by-8 


92 






ns 


2 


Level wiOTn 


divide-by-4 


203 


— 


— 


ns 


2 


External Clock "Low" 


tCPL 


OSC, 


divide-by-8 


92 


— 


— 


ns 


2 


1 axial lA/irl'fK 

Level wiotn 


divide-by-4 


203 


— 




ns 


2 


External Clock Rise Time 


tCPr 


OSCi 




— 


— 


20 


ns 


2 


External Clock Fall Time 


tCPf 


OSC, 




— 


■ — 


20 


ns 


2 


INT7 "High" Level Width 


t|OH 


Tnt7 




2 






^cyc 


3 


TnT^ "Low" Level Width 


t|OL 


INT^ 




2 






tcyc 


3 


INTi "High" Level Width 


t|1H 


TnTT 




2 


- 


- 


tcyc 


3 


INT7 "Low" Level Width 


t|1L 


intT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 




all pins 


f = 1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqq reaches 3.5V at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power -on or stop mode release, equal or more than 
tRC 'S required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 



(Note 2) 



Crystal 



13 

C=J< 

11 



GND 

Crystal: 4.194304MHz 
NC-18C (Nihon Denpa Kogyo) 
Rf = 1 [Mn] ± 20%, 
Ci =C2 =22 [pFl ±20% 




Ceramic filter: CSA 4.00MG (Murata) 

Rf = 1 [Mn] ± 20%, 

Cj =Cj =30 [pF] ±20% 



-1/fCP- 



VCC-0.5V . c ± 



J- — tcPH— *Vh- 

» 0.5V / >^ 



tCP"^ tcPf 



(Note 3) 



INTo, INTi 



(Note 4) 



RESET 



0.8VCC- 
0.2VccJ 



*t|OH. t|1H' 



0.8VCC- 
0.2VCC • 



y-^tRSTH-^Y. 



-«RSTf 
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5.13 HMCS412CL Electrical Characteristics 



(1) DC characteristics (VcQ = 2.5V to 6V, GND = OV, Vdisp = Vcc-40V to Vcc» Ta - -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET 
R 32/1 NT 0, 
R33/INT1 




O.SVcc 


- 


Vcc+0.3 


V 






OSCi 




Vcc-0.3 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 
R32/nviT^, 

R33/INT, 




-0.3 


- 


0.2VCC 


V 








OSC, 




-0.3 


- 


0.3 


V 




Input/Output 
Leakage Current 


IllLl 


RESET, 

R32/INT0, 

R 3 3/1 NT 1, OSC, 


Vjn = OV to Vcc 


- . 


- 


1 


ma 


1 


r*i irroni' 

Dissipation in 
Active Mode 


Ice 


vcc 


VcC = 3V,fosc = 4MHz 
divide-by-16 


- 


- 


0.8 


mA 


2,5 


VcC = 3V,fosc = 2MHz 
divide-by-8 






0.8 


mA 


2,5 


Current 
Dissipation in 
Standby Mode 


•SBY 


vcc 


VcC = 3V,fosc = 4MH2 
divide-by-16 






5 


mA 


3,5 


VcC = 3V,fosc = 2MHz 
divide-by-8 






0.5 


mA 


3,5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (TEST) = VCC-0.2V to Vcc 
Vcc. Vjn (RESET) = to 0.2V 






10 


mA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• Do - Dj , R3 - R4 ... Vcc voltage 

• D4 - D,^, RO - R2, Rai ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; •RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D4 - D,4, RO - R2, Rai - Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fosc = x(MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc = ■'flMHz] ) ="^x max. value (fosc = ^ [MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc - 2.5V to 6V, GND = OV, Vdi$p = Vcc-40V to Vcc. Ta = -20 to +75''C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - Da. R30. 
R31.R4 




u./ vcc 




vcc 


V 




Input "Low" 
Voltage 


V|L 


Do -D3. R30. 
R3i,R4 




— u.o 




u.ovcc 


V 




Output "High" 

V KJt idyc 


VOH 


Do - D3. R30. 
R,, R4 


-IqH = 0.3mA 


Vcc-0.5 


- 


- 


V 


1 


Output "Low" 
Voltage 


Vol 


'-'0 '-'3 . 30 > 

R31. R4 


Iql = 0.4mA 






0.4 


V 




Input/Output 
Leakage Current 


Ii,lI 


Do — D3, Rao. 
R31. R4 


Vin = OV to Vcc 






1 


ma 


2 


Pull-Up MOS 




Do - D3. R30, 


Vcc = 3V,Vin = 0V 


3 


15 


50 




3 


Current 


-ip 


R31, R4 


Vcc = 5V, Vin = OV 


30 


60 


150 


AtA 


3 



(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc = 2.5V to 6V, GND = OV, Vdisp = Vcc-40V to Vqc, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - D,4, R1 
R2, Rai 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 -D,4. R1 

R2. Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - Di4 


-lOH = 15mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-lOH = 10mA. Vcc = 5V ± 20% 


Vcc-2.0 






V 




-lOH = 2.5mA 


vcc-10 






V 




RO - R2 


-lOH = 3mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-lOH = 2mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




—'oh = 0.5mA 


Vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 - Di4 
RO - R2 

D4 -Di4 
RO - R2 


Vdisp = VCC-40V 
150kr2 to VCC-40V 






Vcc-37 
Vcc-37 


V 
V 


1 
2 


Input/Output 

Leakage 

Current 


II, lI 


D4 -Di4 
RO - R2 

Rai 


Vin = VCC-40V to Vqc 






20 


/iA 


3 


Pull Down MOS 
Current 


•d 


D4 - D,4 
RO - R2 

Rai 


Vdisp = VCC-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vcc * 2.5V to 6V, GND « OV, Vjisp = Vcc~40V to VcCr Ta = ^20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frec|uency 


^osc 


0SCi,0SC2 


divide-by-16 


0.8 


4 


4.5 


MHz 




divide-by-8 


0.4 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






3.55 


4 


20 


MS 




Oscillator Stabilization Time 


tRC 


OSCi.OSCj 




- 


- 


60 


ms 


1 


External Clock "High" 


tCPH 




divide-by-16 


92 


- 


- : 


ns 


2 


Level Width 


divide-by-8 


203 


- 


- 


ns 


2 


External Clock "Low" 


tCPL 


OSCi 


divide-by-16 


92 


- 


- 


ns 


2 


Level Width 


divide-by-8 


203 


- 




ns 


2 


External Clock Rise Time 


tCPr 


osc, 




- 


- 


20 


ns 


2 


External Clock Fall Time 


tCPf 


osc, 




- 


- 


20 


ns 


2 


INT^ "High" Level Width 


t|OH 


INT^ 




2 


- 


- 


tcyc 


3 


TNT^ "Low" Level Width 


t|OL 


INT^ 




2 






kyc 


3 


INTi "High" Level Width 


t| 1 H 


IIVITj 




2 






tcyc 


3 


INTi '"Low ' Levei Width 


tiiL 


INTj 




2 








5 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 2.5V at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRC 'S required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 




(Note 2) 

VCC-0.3V 



-1/fCp- 



Vcc-0.3 V n c a n - «= V 

0.3vi^^^""^ ^^^^^-T V. 



rtr Rd 

GND 

Crystal: 2.097152MHz 

DS-MGQ 308 (Seiko) 

Rf = 1 Mn ± 20%, Rd = 2.2kn + 20% 

Ci = Cj = lOpF ± 20% 



tCPr 



tCPf 




(Note 3) 

int;,Tnt7 

(Note 4) 
RESET 



0.8VCC • 
0.2Vcc.y 



►t|OH. t|i H-^*-t|OL. t|i L-*/ 



o.avec 

0.2VCC- 



= 7' ^C' 

7 — tRSTH-*-^_ 



Ceramic filter: CSA, 2.000MK (Murata) 

Rf = 1 [Mn] ± 20%, Ci = Cj = 30(pF] ± 20% 
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5.14 HMCS412AC Electrical Characteristics 



(1 ) DC characteristics (Vcc = 4.5V to 6V, GND = OV, Vdi$p = Vcc-40V to Vcc, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET. 

R32/INT7, 

R33/INT1 




0.8VCC 


- 


Vcc+0.3 


V 








OSC, 




Vcc-0.5 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 

R32/INT0, 

R33/INT, 




n "i 

— U.«3 




u.z vcc 


V 






OSC, 




— U.o 




U.O 


V 




Input/Output 
Leakage Current 


Ii,lI 


RESET 

R32/INt;^ 

R33/rKrr7, osd 


Vin = OV to Vcc 






1 


ma 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc = 5V.fosc = 4MHz 
divide-by-4 






3.0 


mA 


2,5 


Current 
Dissipation in 
$tan<^i?Y Mode 


ISBY 


Vcc 


Vcc = 5V.fosc = 4MHz 
divide-by-4 






1.4 


mA 


3,5 


Current 
Dissipation in 
Stop Mode 


•stop 


Vcc 


Vin (TEST) = Vcc-0.3VtoVcc 
Vcc. Vin (RESET) = to 0.3V 






10 


ma 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vcc voltage 

• Do - D3 . R3 - R4 ... Vcc voltage 

• - Di4, RO - R2, Rai ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; ♦ RESE T ... GND voltage 

• TEST ... Vcc voltage 

• Do - Dj, R3 - R4 ... Vcc voltage 

• D4 - D,«, RO - R2, Rai ... Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When f qsc = x [MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc = ^[MHz] ) =^x max. value (fosc ~ 4 [MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc = 4.5V to 6V, GND = OV, Vd,sp = VCC~40V to Vqc, Ta = -20 to +7S''C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - D3,R3o. 
R3j,R4 




0.7VCC 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do - D3,R3o, 
R31, R4 




-0.3 


- 


0.3VCC 


V 




Output "High" 
Voltage 


VOH 


Do - D3,R3o, 
R3i,R4 


-'oh = 10mA 


vcc-1.0 


- 


- 


V 


1 


Do - D3,R3o, 
R3i,R4 


-l0H= 0.5mA 


Vcc-0.5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do - D3, R30, 
R3i,R4 


IOL = 1-6mA 






0.4 


V 




Input/Output 
Leakage Current 


IiilI 


Do - D3, R30. 
R3i,R4 


Vjn = OVtoVcc 






1 


HA 


2 


Pull-up MOS 
Current 


-•p 


Do-D3,R3o, 
R31. R4 


Vcc = 5V 
Vin = OV 


30 


60 


150 


ma 


3 


(Note 1) Applied to I/O pins with "CMOS" Output selected by mask option. 

iNote 2) ruii-up iviOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 

(3) Input/output characteristics for high voltage pin 

(Vcc = 4.5V to 6V, GND = OV, Vdisp = Vcc~40V to Vcc, Ta = -20 to +75°C, if not specified.) 


Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di4, R1 
R2. Rai 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4-Di4,R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4-D,4 


—•oh = 15mA 


Vcc-3.0 






V 




—'oh = 10mA 


Vcc-2.0 






V 




-IOH = 4mA 


vcc-1.0 






V 




RO - R2 


-lOH = 3mA 


Vcc-3.0 






V 




-lOH = 2mA 


Vcc-2.0 






V 




-lOH = 0.8mA 


Vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 - Di4 
RO - R2 


Vdisp = VCC-40V 






VcC-37 


V 


1 


D4 - Di4 
RO - R2 


150kn to VCC-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


II, lI 


D4 - Di4 
RO - R2 

Rai 


Vin = VCC-40V to Vcc 






20 




3 


Pull Down MOS 
Current 


Id 


D4 - Di4 
RO - R2 

Rai 


Vdisp = Vcc-35V 
Vin = Vcc 


125 


250 


600 




4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vcc = 4.5V to 6V, GND - OV, Vdi$p - Vcc-40V to Vqc. Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frequency 


^osc 


OSCi.OSCi 


divide-by-4 


0.2 


4 


4.5 


MHz 




Instruction Cycle Time 








0.89 


1 


20 


jits 




Oscillator Stabilization Time 


tRC 


OSC, . OSC2 








20 


ms 


1 


External Clock "High" 
Level Width 


tCPH 


OSCi 


divide-by-4 


92 






ns 


2 


External Clock "Low" 
Level Width 


tCPL 


OSCi 


divide-by-4 


92 






ns 


2 


External Clock Rise Time 


tCPr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


tCPf 


OSCi 








20 


ns 


2 


INTo High Level Width 


t|OH 


INTo 




2 


- 




tcyc 


3 


mTo "Low" Level Width 


t|OL 


INTo 




2 


- 


- 


tcyc 


3 


INTT "High" Level Width 


t|lH 


tnt; 




2 






tcyc 


3 


INTT "Low" Level Width 


t|1L 


TnTT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 




all pins 


f = 1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after S/qc reaches 4.5\/ at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRC required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 



Crystal | j 



OSC, 

Rf 



OSC, 



Ttr ' 

GND 

Crystal: 4.194304MHz 
NC-18C (NIhon Denpa Kogyo) 
Rf = 1 [Mn] ± 20%, 
Ci = Cj = 22 [pF] ± 20% 




Ttr 

GND 

Ceramic filter: CSA4.00MG (Murata) 

Rf = 1 [MSI] ± 20%. 

C, = Cj = 30 [pF] ± 20% 



(Note 2) 



VCC-0.5V. 



-1/fcp- 



/* — tcPH— *VK-tcPL 
tCPr tcPf 



(Note 3) 



im^,TNT7 , 



0.2Vcc^ 



-^tlOL. t|iL 



(Note 4) 
RESET 



O.SVcc-f: 

0.2Vccy ^*«STH - L 

-J I*— tRSTf 
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HMCS412 Characteristics Curve (Reference Data) 































































































fosc=AMHz, 
divide-by-4 
















1 1 
fosc«AMHz, 1 

divide-by-8 

fosc»4MHz, 1 
divide-bv-16 

































1 2 3 4 5 6 7 8 9 
Vcc(V) 

Ice vs Vcc Characteristics (Crystal, Ceramic 
Filter Oscillator) 



< 

S 2.0 
I 1.5 

0.5 



fosc=4MHz, 
divide-by-4 
■fosc»4MHz, I 
divide-by-8 
f osc=4MHz ,""]■ 
divide-by-16 



1 2 3 4 5 6 7 8 9 
Vcc(V) 

ISBY ^CC Characteristics (Crystal, Ceramic 

■r>j 1 . /-»___• 1 1 _ J \ 
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5.15 HMCS414C Electrical Characteristics 



(1 ) DC characteristics (Vcc = 3-5V to 6V, GND = OV, Vdisp = Vcc-40V to Vcc» Ta = -20 to +75°C, if not specified.) 



Item 


Synnbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, 

''32 / ' ' Of 
R33/INT1 




O.SVcc 


- 


Vcc+0.3 


V 








osc, 




Vcc-0.5 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 

R32/INT0, 

R33/INT, 




-0.3 




0.2VCC 


V 








OSCi 




-0.3 




0.5 


V 




Input/Output 
Leakage Current 


II, lI 


RESET, 

R32/INT0. 

R33/INT,,OSCi 


Vin = OV to Vcc 






1 


ptA 


1 


Current 
Dissipation in 
Active Mode 


•cc 


vqc 


VcC = 5V,fosc = 4MHz 
divide-by -8 


- 


- 


1.8 


mA 


2,5 


VcC = 5V,fosc = 2MHz 
divide-by-4 






1.8 


mA 


2,5 


Current 
Dissipation in 
Standby Mode 


'SBY 


Vcc 


VcC = 5V,fosc = 4MHz 
divide-by-8 






1.0 


mA 


3,5 


Vcc = 5V,fosc = 4MHz 
divide-by-4 






1.0 


mA 


3,5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


V|n (TEST) = VCC-0.3V to VcC 
VCC» Vin (RESET) = to 0.3V 






10 


MA 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET. TEST ... Vqc voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D, - D,4. RO - R2, Rai ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; • RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D, - D,4, RO - R2, Rai ... Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fojc ~ ^ IMHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc -ftMHz] ) =^x max. value (fosc/= 4[MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc = 3.5V to 6V, GND = OV, Vjisp = Vcc-40V to Vcc, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - Da, R30, 
R3i,R4 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do — D3, R30, 
R3i,R4 




-0.3 




0.3 Vcc 


V 




Output "High" 


Vnw 
* vJn 


Do -D3, R30, 
R3i,R4 


—•oh - 1.0mA 


Vcc-1 






V 


1 


Voltage 


Do — D3, R30, 
R31, R4 


— IOH = 0-5mA 


Vcc— 0-5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do — D3, R30, 

R3i,R4 


IQL = 1-6mA 






0.4 


V 




Input/Output 
Leakage Current 


11, lI 


Do -D3, R30. 
R31, R4 


Vin = OV to Vcc 






1 


MA 


2 


Pull-Up MOS 
Current 




Do -D3. R30, 
R3i,R4 


Vcc = 5V 
Vin = OV 


30 


60 


150 


ma 


3 



(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(Vcc = 3.5V to 6V, GND = OV, Vjisp = Vcc-40V to Vcc. Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di4. R1 

R2, Rai 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V,L 


D4 - Di4, R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - Di4 


-lOH = 15mA. Vcc = 5V ± 20% 


Vcc-3.0 






V 




-IQH = 10mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




-IQH = 4mA 


Vcc-1-0 






V 




RO - R2 


-lOH = 3mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-lOH = 2mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




-l0H = 0.8mA 


vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 - Di4 
RO - R2 


Vdisp = Vcc-40V 






Vcc-37 


V 


1 


D4 - Di4 

RO - R2 


150kJ2 to VCC-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


II, lI 


D4 -Di4 
RO - R2 

Rai 


Vin = VCC-40V to Vcc 






20 


ma 


3 


Pull Down MOS 
Current 


id 


D4 - D,4 

RO - R2 

Rai 


Vdisp = Vcc-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 



HITACHI 131 



(4) AC characteristics (Vcc = 3.5V to 6V, GND = OV, Vjisp « Vcc-40V to Vcc, Ta « -20 to +75°C, if not specif ied.) 



Item 


Symbol 


Pin Name 




Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frequency 


fosc 


0SC,,0SC2 


divlde-by-8 


0.4 


4 


4.5 


MHz 




divide-by-4 


0.2 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






1.78 


2 


20 


jits 




Oscillator Stabilization Time 


tRC 


0SCi,0SC2 








20 


ms 


1 


cxiernai l>iock nign 


tCPH 


OSC, 


divide-by-8 


92 






ns 


2 


Level Width 


divide-by-4 


203 






ns 


2 


CAicrndi wiuuix I.UW 


tCPL 


OSCi 


divide-by-8 


92 






ns 


2 


Level Width 


divide-by-4 


203 






ns 


2 


External Clock Rise Time 


tCPr 


OSCi 








20 


ns 


2 


External Clock Fall Time 


tcpf 


OSC, 








20 


ns 


2 


TFTT^ "High" Level Width 


t|OH 


INT7 




2 


- 






3 


INTo "Low" Level Width 


t|OL 


INlV 




2 




"~ 


tcyc 


3 


INTi "High" Level Width 


t|1H 


INTi 




2 






tcyc 


3 


IN 1 1 Low Level Width 


t|1L 


INTi 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 3.5V at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 




(Note 2) 

VcC-0.5 



-1/fCP- 



tcPr tcPf 



Crystal: 4.194304MH2 

NC-18C (Nthon Denpa Kogyo) 

Rf = 1 [MSI] ± 20%, Cj = C, = 22 [pF] ± 20% 



(Note 3) 

Tnt;,int: o«^cc-f 

0.2VCC. 



^*t|OH.t|iH>\ ^t|OL>tnL-» ^ 




(Note 4) 
RESET 



0.8VCC 
0.2VCC- 



' tRSTf 



Ceramic filter: CSA 4.00MG (Murata) 

Rf = 1 [Mn] ± 20%, C, = Cj = 30 [pF] ± 20% 
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5.16 HMCS414CL Electrical Characteristics 



(1) DC characteristics (Vcc = 2.5V to 6V, GND = OV, Vjisp = Vcc-40V to VcQ, Ta = -20 to +75''C, If not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, 

R32/iNT7, 

Raa/iNTT 




0.8VCC 




VcC+0.3 


V 








OSCj 




Vcc-0.5 


_ 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 

R32/INT0, 

R33/INT1 




-0.3 


_ 


0.2VCC 


V 








OSCi 




-0.3 


_ 


0.3 


V 




Input/Output 
Leakage Current 


IiilI 


RESET, 

R32/INT0, 

R33/INTi,OSC, 


V IP - UV TO VCC 


- ■ 


- 


1 


ma 


1 


Current 
Dissipation in 
Active Mode 


•cc 


Vcc 


divide-by-16 


- 


- 


0.8 


mA 


2,5 


Vcc = 3V, fosc = 2MHz 
divide-by -8 


- 


- 


0.8 


mA 


2, 5 


Current 
Dissipation in 
Standby Mode 


•SBY 


Vcc 


Vcc = 3V, fosc = 4MHz 
divide-by-16 






0.5 


mA 


3,5 


Vcc = 3V, fosc = 2MHz 
divide-by -8 






0.5 


mA 


3,5 


Current 
Dissipation in 
Stop Mode 


•stop 


Vcc 


Vin (TEST) = VCC-0.3V to Vcc 
Vcc. Vjn (RESET) = to 0.3V 






10 


ma 


4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... \/qq voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D4 - D,4, RO - R2, Rai ... Vdisp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; • RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do - D3 . R3 - R4 ... Vcc voltage 

• D4 - D„ , RO - R2, Rai ... Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fQ^^ = x[MHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc = ^tMHz] ) =^'""3'<- value (fosc = ^[MHz] ) 
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(2) Input/output characteristics for standard pin 

(Vcc = 2.5V to 6V, GND = OV, Vjisp = Vcc-40V to Vcc. Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do -D3,R3o, 
R3i,R4 




0.7VCC 


— 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do -D3, R30. 
R31.R4 




-0.3 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


Do — D3, R3o» 
R31.R4 


— IOH~0*3mA 


vcc— ^■'5 






y 


1 


Output "Low" 
Voltage 


Vol 


Do — D3, R3o» 
R31. R4 


Iql = 0.4mA 






0.4 


V 




Input/Output 
Leakage Current 


II, J 


Do - D3, R30, 
R31. R4 


Vin = OVtoVcc 






1 




2 


Pull-Up MOS 
Current 


~'p 


Do — D3, R30f 
R31, R4 


Vcc = 3V, Vin = OV 


3 


15 


50 


ma 


3 


Vcc = 5V, Vin = OV 


30 


60 


150 




3 


(Note 1 ) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 

(3) Input/output characteristics for high voltage pin 

(Vcc = 2.5V to 6V, GND = OV, Vrfjsp = Vcc-40V to VqC Ta = -20 to +75°C, if not specified.) 


Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 -D,4,R1 

R2, Rai 




OJVcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Di4, R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - Dh 


-lOH = 15mA, Vcc = 5V ± 20% 


VcC-3.0 






V 




-lOH = 10mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




-lOH = 2.5mA 


vcc-1.0 






V 




RO - R2 


-lOH = 3mA, Vcc = 5V ± 20% 


Vcc-3.0 






V 




-lOH = 2mA, Vcc = 5V ± 20% 


Vcc-2.0 






V 




—•oh - 0.5mA 


Vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 - D,4 

RO - R2 


Vdisp = Vcc-40V 






Vcc-37 


V 


1 


D4 - Di4 
RO - R2 


150knto VCC-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


II, lI 


D4 - D,4 
RO - R2 

Rai 


Vin = VCC-40V to VcC 






20 


ma 


3 


Pull Down MOS 
Current 


id 


D4 - Di4 
RO - R2 

Rai 


Vdisp = Vcc-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vcc = 2.5V to 6V, GND = OV, V^jsp = Vcc-^OV to Vcc» Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frequency 


^osc 


0SCi,0SC2 


divide-by-16 


0.8 


4 


4.5 


MHz 




divide-by-8 


0.4 


2 


2.25 


MHz 




Instruction Cycle Time 


tcyc 






3.55 


4 


20 


JUS 




Oscillator Stabilization Time 


tRQ 


OSCi, OSC2 








60 


ms 


1 


External Clock "High" 


tCPH 


OSCi 


divide-by-16 


92 






ns 


2 


Level Width 


divide-by-8 


203 






ns 


2 


External Clock "Low" 


tCPL 


OSCi 


divide-by-16 


92 






ns 


2 


Level Width 


divide-by-8 


203 






ns 


2 


External Clock Rise Time 


tCPr 


OSC, 








20 


ns 


2 


External Clock Fall Time 


tCPf 


OSCi 








20 


ns 


2 


FFlT^ "High" Level Width 


t|OH 


INT7 




2 


- 






3 


INT^ "Low" Level Width 


t|OL 


INT7 




2 


— 


— 


tcyc 


3 


mf~i "High" Level Width 


t|1H 


inT7 




2 






tcyc 


3 


INTi "Low" Level Width 


t|1L 


INTi 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 2.5\/ at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRc is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 



(Note 2) 




-1/fcp- 



VCC-0.3V-C 2 -C V 

tcPr tcPf 



Crystal: 2.097152MHz (i^^^g 3) 

DS-MGQ 308 (Seiko) 8Vcc " 

Rf = 1 Mn ± 20%, Rd = 2.2kn ± 20% INTq . INTi 

Ci =Cj = lOpF ±20% 0-2VcC-j 




(Note 4) 
RESET 



Ceramic filter: CSA 2.000MK (Murata) 

Rf = 1 [Mn] ± 20%, 

Ci = C2 = 30 [pF] ± 20% 



't|OH.t|i 



H-^t|OL.t|iL*/ 



0.8Vcc-,C 3 
0.2Vcc/ ^'""'^"-'V 



H h— «RSTf 
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5.1 7 HMCS41 4AC El ectrical Characteri sties 



(1) DC characteristics (Vcc = 4.5V to 6V, GND = OV, Vjisp = Vcc~40V to Vcc* Ta - -20 to +75*'C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


, Input "High" 
Voltage 


V|H 


RESET, 

R32/INT0, 

R33/INT1 




o.svcc 




Vcc+0.3 


V 








OSCi 




Vcc-0.5 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 




RESET, 

R32/INT0, 

R33/Tlsrf7 




-0.3 




0.2VCC 


V 








OSCi 




-0.3 




0.5 


V 




1 nput/Output 
Leakage Current 


IiilI 


RESET, 

R32/INT0, 

R33/INTi,OSCi 


Vjn = OV to Vcc 


- 


- 


1 


ma 


1 


Current 
Dissipation in 
Active Mode 


Ice 


vcc 


vcc o»» 'osc Hivmz 
divide-by -4 






3.0 


mA 


2,5 


Current 
Dissipation in 
Standby Mode 


•SBY 


Vcc 


Vcc = 5V,fosc = 4MHz 
divide-by -4 






1.4 


mA 


3,5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vin (mn = VCC-0.3V to Vcc 
Vca Vjn (RESET) = to 0.3V 






10 




4 


Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1) Pull*up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vqc voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D, - D„ . RO - R2. ... Vdlsp voltage 
(Note 3) The timer/counter operate with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 
Pin state; •RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do - D3 , R3 - R4 ... Vcc voltage 

• D^ - D,4 , RO - R2, Rai ..• Vdisp voltage 

(Note 4) Pull-down MOS current is excluded. 

(Note 5) When fosc = xtMHz] , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 
max. value (fosc = x(MHz] ) =^x max. value (fosc " 4 [MHz] ) 



136 HITACHI 



(2) Input/output characteristics for standard pin 

(Vcc « 4.5V to 6V. GND » OV, Vjisp » Vcc-40V to Vcc. Ta - -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do -D3, R30. 
R31. R4 




0.7VCC 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do — D3, R3o» 
R31, R4 




-0.3 


— 


0.3VCC 


V 




nutoijt "Hiah" 


VOH 


Do ^ D3 , R3o» 
R3i»R4 


—•oh = 1.0mA 


Vcc- 1.0 


— 


— 


V 


1 


Voltage 


Do - D3, R30. 
R31.R4 


— IqH ~ 0.5mA 


Vcc-0-5 






V 


1 


Output "Low" 
Voltage 


Vol 


Do -D3,R3o, 
R31. R4 


lOL = l-6mA 






0.4 


V 




Input/Output 
Leakage Current 


IiilI 


Do — D3, R3o» 
R3i,R4 


Vin = OV to Vcc 






1 


mA 


2 


Pull-Up MOS 
Current 


"•p 


D0-D3.R30, 
R31.R4 


Vcc = 5V 
Vin = OV 


30 


60 


150 




3 



(Note 1) Applied to I/O pins with "CMOS" Output selected by mask option. 

(Note 2) Pull-up MOS current and output buffer current are excluded. 

(Note 3) Applied to I/O pins with "with Pull-up MOS" selected by mask option. 



(3) Input/output characteristics for high voltage pin 

(VCC ' 4.5V to 6V, GND - OV, Vrfisp « Vcc-40V to Vcc> Ta « -20 to +75"C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di4, R1 

R2, Rai 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Di4, R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - Di4 


-iQH = 15mA 


Vcc-3.0 






V 




-Iqh = 10mA 


Vcc-2.0 






V 




-lOH = 4mA 


Vcc-1.0 






V 




Ro — R2 


-iQH = 3mA 


Vcc-3.0 






V 




-iQH = 2mA 


Vcc-2.0 






V 




-lOH = 0.8nnA 


Vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 -D,4 
RO - R2 


Vdisp = VCC-40V 






Vcc-37 


V 


1 


D4 -D,4 
RO - R2 


150kO to VCC-40V 






Vcc-37 


V 


2 


Input/Output 

Leakage 

Current 


11, lI 


D4 - Di4 
RO - R2 

Rai 


Vin = VCC-40V to Vcc 






20 


ma 


3 


Pull Down MOS 
Current 


Id 


D4 -Di4 
RO - R2 

Rai 


Vdisp = VCC-35V 
Vin = Vcc 


125 


250 


600 


ma 


4 



(Note 1 ) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 

(Note 2) Applied to I/O pins with "without Pull-down MOS (PMOS Open Drain)" selected by mask option. 

(Note 3) Pull-down MOS current and output buffer current are excluded. 

(Note 4) Applied to I/O pins with "with Pull-down MOS" selected by mask option. 
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(4) AC characteristics (Vqc = 4.5V to 6V, GND = OV, Vdisp = Vcc-40V to Vcc, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frequency 


fosc 


ObCi.OSCj 


divide-by-4 


0.2 


4 


4.5 


MHz 




Instruction Cycle Time 


tcyc 






0.89 


1 


20 


MS 




Oscillator Stabilization Time 


tRC 


0SC,,0SC2 




- 


- 


20 


ms 


1 


External Clock "High" 
Level wiotn 


tCPH 


osc, 




92 






ns 


2 


External Clock "Low" 
Level Width 


tCPL 


OSCi 




92 




- 




2 


External Clock Rise Time 


tCPr 


osc, 








20 


ns 


2 


External Clock Fall Time 


tCPf 


osc, 








20 


ns 


2 


INTo "High" Level Width 


t|OH 


INT7 




2 


- 




tcyc 


3 


INT^ "Low" Level Width 


t|OL 


TntV 




2 




— 


"^cyc 


3 


INTi nigh Level Width 


t|1H 


INT, 




2 






tcyc 


3 


INT, "Low" Lpup! Width 


t|1 L 


Tnt7 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


PF 




RESET Fall Time 


tRSTf 










15 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 4.5V at "Power-on", or after RESET input level goes 
to "High" by resetting to quit the stop mode by MCU reset on the circuit below. At power-on or stop mode release, equal or more than 
tRC is required for RESET input to reserve oscillation stabilization time. When using crystal or ceramic filter oscillator, please ask a crystal 
oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and stray capacity. 




(Note 2) 



Crystal: 4.1 94304MH2 
NC-18C (Nihon Denpa Kogyo) 
Rf = 1 [MO] ± 20%. 
C, = C, = 22 [pF] ± 20% 




Ceramic filter: CSA4.00 MG (Murata) 

Rf = 1 IMnl ±20%, 

C, = Cj = 30 IpF] ± 20% 



-1/fCp- 



tCPr tCPf 



(Note 3) 

iFf;.WT7 o-svcc -jF 



0.8VCC -J c a / 



(Note 4) 
RESET 



O.SVcc-^^ 3 
^_^^_tRSTH-l 

^tRSTf 
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HMCS414 Characteristics Curve (Reference Data) 











































































f osc«4MHz , 
divide-by-4 
















£os( 
dlvJ 
£os( 


1 

:-4MH7. , 
















Lde-by-8 
:-4MHz , 
















div] 


Lde-l 


)y-lf 

























^ 2.5 
< 

e 2.0 
>: 1.0 



Vcc (V) 

Ice Vcc Characteristics (Crystal, Ceramic 
Filter Oscillation) 



fosc-4MHz, 
<iivide-by-4 j- 

fosc«4MHz, 
divide-by-8 \ 
fosc»4MHz, 
divide-by-l6 



7 

(V) 



ISBY Vcc Characteristics (Crystal, Ceramic 
Filter Oscillator) 
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1 2 3 4 5 



Vcc-Voh(V) 
-Iqh rain vs (Vcc-Voh) Characteristics 
(D4 - D5 Pins) 




12 3 4 5 6 



Vcc-VoH (V) 
-Iqh rnin vs (Vcc~Voh) Characteristics 
(R0-R2 Pins) 
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6. ASSEMBLY LANGUAGE 

6.1 Symbols and Abbreviations 

a b Tranf er from "a" to "b" 

a-*-*- b Exchange between "a" and "b" 

X Logical negation (NOT) 

"1" "High" level 

"0" "Low" level 



LSB 


Least Significant Bit 


MSB 


Most Significant Bit 


NZ 


Not Zero 


' Status is set with NZ, NB, or OVF 


NB 


No Borrow 




OVF 


Overflow 




n 


AND 




U 


OR 




© 


Exclusive OR 




Not Equal 




< 


Less or Equal 


DIRECT 


Addressing by the Operand in the ROM Code 


REGISTER 


Addressing by the Content of Address Register 



6.2 Instruction Formats 

There are eight different formats for the instructions. (See "3.4 
Instruction Table".) 



No. 


Format 


Operand 


Contents 


1 


I 






2 


II 


n 


0-3 


3 


III 


i or m or p 


$0 - $F 


4 


IV 


a 


$0 - $3F 


5 


V 


b 


$0 - $FF 


6 


VI 


d 


$0 - $3FF 


7 


VII 


n, d 


- 3, $0 - $3FF 


8 


VIII 


p, d 


$0 - $F, $0 - $3FF 


9 


VIII 


i, d 


$0 - $F, $0 - $3FF 
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The symbols used in the operand have the following meanings: 



Symbol 


Contents 


Label 


Decimal 


Hexa 
decimal 


Binary 


n 


RAM digit selection with 2 bits 


o 


o 





o 


m 


RAM (MR) digit and port selection 
with 4 bits 


o 


o 





o 


P 


Replacement of contents of PC 
with 4 bits 


o 


o 


o 


o 


a 


Replacement of contents of PC 
with 6 bits 


o 


X 


o 


o 


b 


Replacement of contents of PC 
with 8 bits 


o 


X 


o 





d 


Replacement of PC or RAM direct 
address with 10 bits 


o 


X 








i 


Immediate data with 4 bits (Note) 





o 





o 




- ^ J. A /'I A -u: *. ^\ 





X 


o 


o 



o .... Can be used x .... Cannot be used 

(Note) 2-bit data for LWI instruction 



(1 ) Format I 

Format I applies to the instructions having no operand. 
10 1 



"I 1 1 1 -T 1 —r 

OP 



In a format-I instruction, the operation field is directly followed by the 
comment field. 
(Example) 



Label 


Operation 


Operand 


Comment 


WHERE 


AMC 




COMMENT 




ROTR 








NOP 







(2) Format II 

Format II applies to instructions having a 2-bit operand field. 
10 1 



OP 

-I L. 



The statement using this type of instruction requires an operand (a binary, 
decimal or hexadecimal number, or symbol name). The value must be to 3 in terms 
of decimal number. 
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(Example) 



Label 


Operation 


Operand 


Comment 


ONE 


EQU 


1 




TWO 


EQU 


2 






SEM 


1 






TM 


TWO 






REM 


ONE 





(3) Format III 

Format III applies to instructions having a 4-bit operand field. 
10 1 



— r- 

OP 



T 1 r- 

i or m or p 



This type of instruction requires an operand (a binary, decimal or hexadecimal 
number, or symbol name). The value must be to 15 in terms of decimal number. 
Note that the value must be $0 to $F in terms of hexadecimal number for 
the LAR, LBR, LRA and LRB instructions. 
(Example) 



Label 


Operation 


Operand 


Comment 


DATAl 


EQU 


3 




DATA2 


EQU 


$B 




DATA3 


EQU 


%1011 






LYI 


14 






LXI 


$A 






LAI 


$0010 






LBI 


DATAl 






AI 


DATA2 






LRB 


DATA3 






LRA 


DATAl 






P 


DATA3 





(4) Format IV 

Format IV applies to instructions having a 6-bit operand field. 
10 1 



OP 



HITACHI 143 



This type of instruction requires an operand (a binary or hexadecimal number, 
or symbol name). The value must be $0 to $3F iri terms of hexadecimal number. 
This format is applied only to CAL instruction. 



(Example) 



Label 


Operation 


Operand 


Comment 


SUBAD 


EQU 


60 






CAL 


SUBAD 






CAL 


$3C 





(5) Format V 

Format V applies to instructions having an 8-bit operand field. 
10 1 



OP 



This type of instruction requires an operand (a binary or hexadecimal number, 
symbol name, or *±n (n: a decimal number) (relative address). 
This format is applied to BR instruction. 



(Example) 



Label 


Operation 


Operand 


Comment 




BR 


LABELl 


SYMBOL 




BR 


*+3 


RELATIVE 




BR 


$FF 


ABSOLUTE 


LABEL 1 


BR 


%0000001 





(6) Format VI 

Format VI applies to 2-word instructions having a 10-bit operand field. 

1 

1st word 



10 



J 1 
OP 



2nd word 



This type of instruction requires an operand (a binary or hexadecimal number, 
or symbol name). The value must be $0 to $3FF in terms of hexadecimal number. 
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(Example) 



Label 


Operation 


Operand 


Comment 


RAMAD 


EQU 


$3FF 






AMD 


RAMAD 


LABEL 




AMD 


$3FF 


ABSOLUTE 




AMD 


%1111111111 





(7) Format VII 

Format VII applies to 2-word instructions having a 12-bit operand field. 
10 1 

1st word 



OP 



2nd word 



This type of instruction requires one operand or two operands. For a 1-operand 
instruction, only a symbol name is effective. 'For a 2-operand instruction, the 
first operand may be a binary, decimal or hexadecimal number, or symbol name 
(the value of which must be to 3 in terms of decimal number) and the second 
operand may be a binary or hexadecimal number, or symbol name (the value of which 
must be $0 to $3FF in terms of hexadecimal number). 
(Example) 



Label 


Operation 


Operand 


Comment 


AAA 


EQU 


3, $3FF 






REMD 


AAA 


lOPERAND 




SEMD 


3, $3FF 


20PERAND 




TMD 


%10, $3FF 





(8) Format VIII 

Format VIII applies to 2-word instructions having a 14-bit operand field. 



10 



OP 



p or 1 



1st word 



2nd word 
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This type of instruction requires one operand or two operands. BRL, JMPL 
and CALL are one-operand instructions, while INEMD, ILEMD and LMID are two- 
operand instructions. For a 1-operand instruction, a binary or hexadecimal 
number, or symbol name is effective and its value must be in the range $0 to 
$3FF. For a 2-operand instruction, the first operand may be a binary, decimal 
or hexadecimal number, or symbol name (the value of which must be $0 to $F) and 
the second operand may be a binary or hexadecimal number, or symbol name (the 
value of which must be $0 to $3FF) . 

(Example) 



Label 


Operation 


Operand 


Comment 




LNGBRl 


EQU 


$1FFF 








BRL 


LNGBRl 


P: ABSOLUTE 






CALL 


$1FFF 


P .-ABSOLUTE 




BBB 


EQU 


$3FF 








LMID 


$F, BBB 


1 .-ABSOLUTE, 


SYMBOL 




ILEMD 


1, $3FF 


1; ABSOLUTE, 


ABSOLUTE 
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Execution Instructions 



No . 


MNEMONIC 


No . 


MNEMONIC 


1 


AI i 


51 


LMID 


i,d 


2 


ALEI i 


52 


LMIIY 


i 


3 


ALEM 


53 


LRA 


m 


4 


ALEMD d 


54 


LRB 


m 


5 


AM 


55 


LWI 


i 


6 


AMD d 


56 


LXA 




7 


AMC 


57 


LXI 


i 


8 


AMCD d 


58 


LYA 




9 


ANEM 


59 


LYI 


i 


10 


ANEMD d 


60 


NEGA 




11 


ANM 


61 


NOP 




12 


ANMD d 


62 


OR 




13 


AYY 


63 


ORM 




14 


BLEM 


64 


ORMD 


d 


15 


BNEM 


65 


P 


P 


16 


BR b 


66 


REG 




17 


BRL u 


67 


RED 




18 


GAL a 


68 


REDD 


m 


19 


CALL u 


69 


REM 


n 


20 


COMB 


70 


REMD 


n,d 


21 


DAA 


71 


ROTL 




22 


DAS 


72 


ROTR 




23 


DB 


73 


RTN 




24 


DY 


74 


RTNI 




25 


EORM 


75 


SBY 




26 


EORMD d 


76 


SEC 




27 


IB 


77 


SED 




28 


ILEM i 


78 


SEDD 


m 


29 


ILEMD i,d 


79 


SEM 


n 


30 


INEM i 


80 


SEMD 


n,d 


31 


INEMD i,d 


81 


SMC 




32 


lY 


82 


SMCD 


d 


33 


JMPL u 


83 


STOP 




34 


LAB 


84 


STS 




35 


LAI i 


85 


SYY 




36 


LAM(XY) 


86 


TBR 


P 


37 


LAMD d 


87 


TC 




38 


LAMR m 


88 


TD 




39 


LAR m 


89 


TDD 


m 


40 


LASPX 


90 


TM 


n 


41 


LASPY 


91 


TMD 


n,d 


42 


LAY 


92 


XMA(XY) 




43 


LBA 


93 


XMAD 


d 


44 


LBI i 


94 


XMB(XY) 




45 


LBM(XY) 


95 


XMRA 


m 


46 


LBR m 


96 


XSPX 




47 


LMA(XY) 


97 


XSPXY 




48 


LMAD d 


98 


XSPY 




49 


LMADY (X) 


99 


YNEI 


i 


50 


LMAIY (X) 







In the description of Instruction code, "i", "m" and "p" means one digit 
in hexadecimal number ($0 to $F) , and "d" means three-digit hexadecimal 
number ($000 to $FFF) . The Instruction codes including "n", "a" or "b" are 
described as binary number. 
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No. 


Arithmetic Instruction 


1 


AI 



A I (Add Immediate to A) 



Format 


AI i 


Operation 


k + i A 



OVF 

A + i ^ $F ST=0 
A + i > $F ST=1 



Description 



Adds the contents of Accumulator to 4 bit Immediate data (i3-o) 
and stores the result in Accumulator. 
Judges OVF simultaneously. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




$AI 1 i 


$28i 1 


1 


1 



Example 



01830 

01831 190 038 0620 

01832 28F 0622 

01833 194 036 0623 
01834 



SUBCl LAMD $038 

AI $F 
LMAD $036 
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No. 


Compare Instruction 


2 


ALE I 



ALE I (A Less or Equal to Immediate) 



Format 



ALEI i 



Status 



Operation 






\ ^ i 



NB 



A > i 
A ^ i 



ST=0 
ST=1 



Description 



Compares the contents of Accumulator to 4-bit Immediate data 
(i3A.0)- 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ' 

' format 


Instruction word 


Number 


Number .of 
execution 
cycles 


First 1 Second 


of words 




ALEI ' i 


$2Bi 1 


1 


1 



Example 



01407 
01408 
01409 
01410 
01411 



2F7 
281 
2B7 
2F7 



0476 
0477 
0478 
0479 



XMRA 
AI 

ALEI 
XMRA 



$7 
$1 
$7 
$7 
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No. 


Compare Instruction 


3 


ALEM 





ALEM (A Les6 or Equal to Memory) 



Format 



ALEM 



Status 



Operation 



A ^ M 



NB 
A > M 
A ^ M 



ST=0 
ST-1 



Description 



Compares RAM addressed by W, X, and Y registers to the contents 
of Accumulator. 





Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of, 
execution 
cycles 


REGISTER 


ALEM 1 


$014 1 


1 


1 



Example 



01216 014 03D7 ALEM 

01217 ICE 03D8 CAL OSERROR 
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No. 


Compare Instruction 


4 


ALEMD 





ALEMDCA Less or Equal to Memory) 



Format 



ALEMD d 



Status 



Operation 




i 


\ ^ M (d) 



NB 

A > M 
A ^ M 



ST=0 
ST=1 



Description 



Compares RAM addressed by 10-bit direct address dg-o ^o the 
contents of Accumulator. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


ALEMD 1 d 


$114 1 d 


2 


2 





Example 



01218 114 074 03D9 ALEMD $074 

01219 ICF 03DB CAL OSERROR 
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No. 


Arithmetic Instruction 


5 


AM 



AM (Add A to Memory) 



Format 



AM 



Status 



Operation 



OVF 
M + A ^ $F 
M + A > $F 



ST=0 
ST=1 



M + A -> A 



Description 



Adds RAM addressed by W, X, Y registers to the contents of 
Accumulator and stores the result in Accumulator. 
Judges OVF. 

(Note) When executing subtraction, execute AM after taking 
complement of Accumulator with NEGA. (M-A— »*A) 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


AM 1 


$008 ] 


1 


1 


Example 





00949 * 

00950 093 02FE KI7^THM6 LAMXY 

00951 008 02FF AM 

00952 097 0300 LMAXY 
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No. 


Arithmetic Instruction 


6 


AMD 



AMD (Add A to Memory) 



Format 



AMD d 



Operation 



Status 



OVF 
M + A ^ $F 
M + A > $F 



ST=0 
ST=1 



M(d) + A -> A 



Description 



Adds RAM addressed by 10-bit direct address dg-o to the contents 
of Accumulator and stores the result in Accumulator. 
Judges OVF. 

(note) Subtraction (M-A->A) is the same as AM. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


AMD 1 d 


$108 1 d 


2 


2 



Example 



00935 

00936 190 06C 02F0 

00937 001 02F2 

00938 108 04C 02F3 

00939 051 02F5 
00940 



KIARTHM4 LAMD $06C 
XSPY 

AMD $04C 
LMAIYX 
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No. 


Arithmetic Instruction 


7 


AMC 



AMC (Add A to Memory with Carry) 



Format 




Operation 

1 
( 


^ + A + CA^A 
3VF -> CA 



OVF 

M + A + CA ^ $F ST=0 
M + A + CA > $F ST=1 



Description 



Adds RAM addressed by W, X, Y registers, the contents of Accumulator, 
and those of Carry Flag, and stores the result in Accumulator. 
Latches OVF into CA and judges it. 

(Example) M A CA S 

(Initial contents) 8 9 

after executing AMC 8 11 1 

after re-executing AMC 8 10 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number. of 
execution 
cycles 


First 1 Second 


REGISTER 


AMC I 


$018 1 


1 


1 





Example 



01165 
01166 
01167 
01168 
01169 



235 
OEF 
018 
ICE 



03A9 
03AA 
03AB 
03 AC 



LAI 
SEC 
AMC 
CAL 



$5 



OSERROR 



A=5 
CA=1 

A=M(WXY)+A+CA 
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No. 


Arithmetic Instruction 


8 


AMCD 



AMCD (Add A to Memory with Carry) 



Format 



AMCD d 



Status 



Operation 



OVF 

M + A + CA ^ $F 
M + A + CA > $F 



ST=0 
ST=1 



M(d) + A + CA ->A 
OVF^CA 



Description 



Adds RAM addressed by 10-bit direct address d9_o, the contents 
of Accumulator, and those of CA, and stores the result in 
Accumulator . 

Latches OVF into CA and judges it simultaneously. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ^ 

1 format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


AMCD 1 d 


$118 1 d 


2 


2 




Example 





00905 * 

00906 091 02D2 LAMX 

00907 118 043 02D3 AMCD $043 

00908 0A6 02D5 DAA 
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No. 


Compare Instruction 


9 


ANEM 



ANEM (A Not Equal to Memory) 



Format 



ANEM 



Status 



Operation 



NZ 
A = M 
A ^ M 



ST=0 
ST=1 



A ^ M 



Description 



Compares RAM addressed by W, X, Y registers to the contents of 
Accumulator. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First ] Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


ANEM 1 


$004 1 


1 


1 



Example 



01195 * 

01196 004 03C6 ANEM ; IF M(WXY) /=ACC 

01197 ICE 03C7 CAL OSERROR 
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No. 


Compare Instruction 


10 


ANEMD 



ANEMD (A Not Equal to Memory) 



Format 

I 


^EMD d 


Operation 


M(d) 



Description 



Compares RAM addressed by 10-bit direct dg-o to Accumulator. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 
1 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


1 

ANEMD 1 d 
1 


$104 1 d 


2 


2 


Example 





01729 
01730 
01731 
01732 



190 036 05A4 
104 038 05A6 
171 235 05A8 



LAMD 

ANEMD 

BRL 



$036 
$038 
SUED 
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No. 


Arithmetic Instruction 


11 


ANM 



ANM (AND Memory with A) 



Format 



ANM 



Status 



Operation 



AOM A 



NZ 
AflM^O 
AflM^O 



ST=0 
ST=1 



Description 



ANDs the contents of Accumulator and RAM addressed by W, X, Y 
registers, and stores the result in Accumulator. 



Address format and the number of execution cycles 



Address format 



Mnemonic 



Operand 
format 



Instruction word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



REGISTER 



Example 



ANM 



$09C 



1 



00925 091 02E5 LAMX 

00926 09C 02E6 ANM 

00927 051 02E7 LMAIYX 

00928 * 
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No. 


Arithmetic Instruction 


12 


ANMD 



ANMD (AND Memory with A) 



Format 



ANMD d 



Status 



Operation 



AO M(d) 



NZ 
AnM=0 
An M^^O 



ST=0 
ST=1 



Description 



ANDs the contents of Accumulator and RAM addressed by 10-bit 
direct address, and stores the result in Accumulator. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


ANMD 1 d 


$19C 1 d 


2 


2 





Example 



01009 OAF 0330 LAY 

01010 19C 02C 0331 ANMD $02C 

01011 326 0333 BR KIINPUTl 
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No. 


RAM Address Instruction 


13 


AYY 



AYY (Add A to Y) 



Format 



AYY 



Status 



Operation 



OVF 

Y + A ^ $F 

Y + A > $F 



ST-0 
ST=1 



Y + A^Y 



Description 



Adds the contents of Y register to those of Accumulator and stores 
the result in Y register. 
Judges OVF. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




AYY 1 


$054 1 


1 


1 


Example 





01160 ODF 03A5 DY ;Y=Y~1 

01161 054 03A6 AYY ;Y=Y+A 

01162 ICE 03A7 CAL OSERROR 

01163 * 
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No. 


Compare Instruction 


14 


BLEM 



BLEM (B Less or Equal to Memory) 



Format 



BLEM 



Operation 



B ^ M 



Status 



NB 
B > M 
B < M 



ST=0 
ST=1 



Description 



Compares RAM addressed by W, X, Y registers to the contents of 
B register. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


BLEM 1 


$0C4 1 


1 


1 



Example 



01220 * 

01221 0C4 03DC BLEM 

01222 ICE 03DD CAL OSERROR 
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No. 


Compare Instruction 


15 


BNEM 





BNEM (B Not Equal to Memory) 



Format 



BNEM 



Status 



Operation 



B^M 



NZ 
B=M 
B^M 



ST=0 
ST=1 



Description 



Compares RAM addressed by W, X, Y registers to the contents of 
B register. 



Address format and the number of execution cycles 



. I Operand 
Mnemonic \ / 

' format 
I 



Numbd^r .of 
execution 
cycles 



Address format 



Instruction word 



First 



Second 



Number 
of words 



REGISTER 



BNEM 



I 



$044 



Example 



01201 044 03CB BNEM 

01202 ICE 03CC CAL OSERROR ;IFM(WXY)/=B 
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No. 


ROM Address Instruction 


16 


BR 



BR (Branch on Status 1) 



Status 



1 

Set to 1 irrespectively of whether 
BR is executed or skipped. (ST=1) 



Operation 



Conditional jump to an address 
in the current page (256 words). 



Description 



Branches to the specified address if ST=1. 

If ST=0, this instruction is skipped (takes one cycle time). 
(Note) When BR is used at the last address in the page, this 

instruction is executed in the next page because PC is 

incremented automatically. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT (8 bits) 


BR 1 b 


%ll-b7b6b5bM| 

b3b2bibo' 

- 1- - - - - 


1 


1 


Example 





01445 






* 










01446 


2FE 


0496 




XMRA 


$E 






01447 


OAF 


0497 




LAY 








01448 


2B3 


0498 




ALEX 


$3 






01449 


SAO 


0499 




BR 


KXTXMEO 


;XF 


A=0,l,2,3 


01450 


2B7 


049A 




ALEX 


$7 






01451 


3A4 


049B 




BR 


KXTXMEl 


;XF 


A=4,5,6,7 


01452 


2BB 


049C 




ALEX 


$B 






01453 


3A8 


049D 




BR 


KXTIME2 


;XF 


A=8,9,$A,$B 


01454 


000 


049E 




NOP 








01455 


3AC 


049F 




BR 


KITXME3 


;XF 


A=$C,$D,$E,$F 


01456 






* 











Format 



BR b 
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No. 


ROM Address Instruction 


17 


BRL 





BRL(Long Branch on Status 1) 



Format 



BRL u 



Status 



Operation 



Conditional jump to any ROM 
address space. 



Set to 1 irrespectively of whether 
BRL is executed or skipped. (ST=1) 



Description 



If ST=1, jumps to the address specified by P3'\^0, dg-o* 
If ST=0, BRL is skipped. 

Takes 2-cycle time irrespective of execution and skip. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First , Second 


DIRECT 


BRL 1 u 


$17p 1 d 


2 


2 



Example 



01883 18C 002 0650 TMD $0,$002 IF ST-1 

01884 171 256 0652 BRL TBINTR THEN JUMP TO TBINTR 

01885 171 24F 0654 BRL TLOOPl OTHERWISE JUMP TO TLOOPl 
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No. 


ROM Address Instruction 


18 


CAL 





CAL (Subroutine Jump on Status 1) 



Format 



CAL a 



Status 



Operation 



1 

Set to 1 irrespectively of whether 
CAL is executed or skipped. 
(ST=1) 



Conditional subroutine jump to the 
address specified by SL^n^Q in 
subroutine space. 

Description 



If ST=1, performs subroutine jump to the specified address. 
If ST=0, this instruction is skipped. 
Takes 1-cycle time to the skipped. 
Subroutine space means to 64 pages. 
All bits of PC is saved on RAM. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (6 bits) 


CAL 1 a 


%01-lla5a^a3] 


1 


2/1 (Skip) 



Examp le 



00510 18E 000 01A3 TMD 2, $000 ;IFO 

00511 ICE 01A5 CAL OSERROR ;IF ST=1 
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No. 


ROM Address Instruction 


19 


CALL 





CALL (Long Subroutine Jump on Status 1) 

Status 



1 

Set to 1 irrespectively of whether 
CALL is executed or skipped. (ST=1) 



Description 







If ST=1 , performs subroutine jump to the specified address (P3-o> d9_o) • 
If ST=0, this instruction is skipped. 
Takes 2--cycIe time to be skipped. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ' 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


CALL 1 u 


$16p 1 d 


2 


2 


Example 

00781 
00782 
00783 
00784 
00785 


* 

28F 0276 KIRAMS AI $F ;A=A+F 
0E8 0277 LXA ;X=:A 
160 28E 0278 CALL KIRAMS 
* 



Format 







CALL u 



Operation 



Conditional subroutine jump to 
any ROM address space. 



166 HITACHI 



No. 


Arithmetic Instruction 


20 


COMB 



COMB (Complement B) 



Format 


:OMB 


Operation 

1 


B -> B 



No effect 



Description 



Stores I'S complement of the contents of B register in B register. 
(Examp le ) 

B B (result) 

I I I I I — rrm 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First ', Second 




COMB 1 


$140 ] 


1 


1 



Example 



00815 
00816 
00817 
00818 
00819 
00820 



048 
0D8 
076 
140 
010 



0294 
0295 
0296 
0297 
0298 



KIRAMC 



LAB 

LYA 

YNEI 

COMB 

RTN 



$6 



;Y=B 

;Y/=6 

;B=>B 



HITACHI! 67 



No. 


Arithmetic Instruction 


21 


DAA 





DAA (Decimal Adjust for Addition) 



Format 



DAA 



Operation 



Decimal adjust for addition 



Description 


I 
I 


f A ^ 10 or CA=1, A+6->A and 1-^CA. 

f A < 10 and CA=0, the contents of A and CA are unchanged. 





Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




DAA 1 


$0A6 ' 


1 


1 



Example 



Status 



No effect 



00898 * 

00899 091 02CC KIARTHMl LAMX 

00900 018 02CD AMC 

00901 0A6 02CE DAA 
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No. 


Arithmetic Instruction 


22 


DAS 



DAS (Decimal Adjust for Subtraction) 



Format 



DAS 



Status 



Operation 



No effect 



Decimal adjust for 
subtraction 



Description 



If A ^ 10 or CA=0, A+IO^A and O^CA. 

If A < 10 and CA=1, the contents of A and CA are unchanged. 



Address format and the number of execution cycles 



Address format 



Mnemonic 



DAS 



Operand 
format 



Instruction word 



First 



$OAA 



Second 



Number 
of words 



Number .of 
execution 
cycles 



Example 



00914 
00915 
00916 
00917 
00918 



091 
098 
OAA 
051 



02DC 
02DD 
02DE 
02DF 



KIARTHM2 



LAMX 

SMC 

DAS 

LMAIYX 
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No. 


Arithmetic Instruction 


23 


DB 





DB (Decrement B) 



Format 



DB 



Status 



Operation 






B - 1->B 



NB 

B - 1 < 
B - 1 ^ 



Description 



Decrements the contents of B register. 
Judges NB. 



ST=0 
ST=1 



Address format and the number of execution cycles 



Address format 



Example 



Mnemonic 



DB 



Operand 
format 



Instruction word 



First 
$OCF 



Second 



Number 
of words 



Number .of 
execution 
cycles 



01145 OCF 0399 DB ;B=B~1 

01146 ICE 039A CAL OSERROR 

01147 * 
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No. 


RAW Address Instruction 


24 


DY 





DY (Decrement Y) 



Format 



DY 



Operation 






f - 1 -> Y 



Status 



NB 

Y - 1 < 

Y - 1 ^ 



ST=0 
ST=1 



Description 



Decrements the contents of Y register. 
Judges NB. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic 

1 format 
1 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




DY 1 
1 


$ODF 1 


1 


1 



Example 



00744 * 

00745 ODE 025E DY 

00746 064 025F RED 

00747 05C 0260 lY 

00748 * 
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No. 


Arithmetic Instruction 


25 


EORM 





EORM (EOR Memory with A) 



Format 



EORM 



Status 



Operation 



A©M-^ A 



NZ 
A=0 
A^O 



ST=0 
ST=1 



Description 



Performs the logical exclusive "OR" operation between the contents 
of Accumulator and those of RAM addressed by W, X, Y registers. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


EORM ' 


$01C * 1 


1 


1 



Example 



00921 * 

00922 091 02E2 KIARTHM3 LAMX 

00923 OIC 02E3 EORM 

00924 051 02E4 LMAIYX 
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No. 


Arithmetic Instruction 


26 


EORMD 



EORMD (EOR Memory with A) 



Format 



EORMD d 



Status 



Operation 



A © M(d) -> A 



NZ 
A=0 
A^^^O 



ST=0 
ST=1 



Description 



Performs the logical exclusive "OR" operation between the contents 
of Accumulator and those of RAM addressed by 10-bit direct address 
d9-o. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


EORMD 1 d 


$11C 1 d 


2 


2 





Example 



00932 091 02EC LAMX 

00933 lie 04B 02ED EORMD $04B 

00934 051 02EF LMAIYX 
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No. 


Arithmetic Instruction 


27 


IB 



IB (Increment B) 



Format 


IB 


Operation 


B + 1 -> B 



NZ 

B + 1 = ST=0 
B + 1 ^ ST=1 



Description 



Increments the contents of B register. 
Judges NZ. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




IB " 


$04C 1 


1 


1 


Example 





01142 * 

01143 04C 0397 IB ;B=B+1 

01144 ICE 0398 CAL OSERROR 
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No. 


Compare Instruction 


28 


ILEM 





ILEM (Immediate Less or Equal to Memory) 



Format 



ILEM i 



Status 



Operation 



NB 

i > M 
i ^ M 



ST=0 
ST=1 



i ^ M 



Description 



Compares the contents of RA.M addressed by W, X, Y registers to 
4-bit immediate data i3-0' 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ^.^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First , Second 


REGISTER 


ILEM 1 i 


$03i 1 


1 


1 





Example 



01210 * 

01211 034 03D2 ILEM $4 

01212 ICE 03D3 CAL OSERROR 
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No. 


Compare Instruction 


29 


ILEMD 





I LEMD (Immediate Less or Equal to Memory) 



Format 



ILEMD i, d 



Operation 



i ^ M(d) 



Description 



Compares the contents of RAM addressed by 10-bit direct address 
^9-0 to 4-bit immediate data 13^0 • 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ' 

• format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First , Second 


DIRECT 


ILEMD 1 i,d 


$13i 1 d 


2 


2 



Example 



01820 
















01821 


133 


030 


060E 




ILEMD 


$3, $030 




01822 


171 


160 


0610 




BRL 


INITD 


;IF M(030)^3 


01823 


132 


030 


0612 




ILEMD 


$2, $030 




01824 


171 


152 


0614 




BRL 


PROGCX 


;IF M(030)=2 


01825 


131 


030 


0616 




ILEMD 


$1,$030 




01826 


171 


140 


0618 




BRL 


PROGB 


;IF M(030)=l 


01827 


130 


030 


061A 




ILEMD 


$0,$030 




01828 


171 


12E 


061C 




BRL 


PROGA 


;IF M(030)=0 


01829 


151 


100 


061E 




JMPL 


MAIN 





176 HITACHI 



Status 



NB 

i > M 

i ^ M 



ST=0 
ST=1 



No. 


Compare Instruction 


30 


INEM 



INEM (Immediate Not Equal to Memory) 


Format 




Status 




INEM i 


NZ 

i = M ST=0 
i ^ M ST=1 


Operation 


i^ M 



Description 



Compares the contents of RAM addressed by W, X, Y registers to 
4-bit immediate data. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


INEM 1 i 


$02i 1 


1 


1 


Example 





00700 * 

00701 201 023E KIZMN LBI $1 

00702 02A 023F INEM $A 

00703 342 0240 BR KIZMl 
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No. 


Compare Instruction 


31 


INEMD 





INEMD (Immediate Not Equal to Memory) 



Format 



INEMD i,d 



Status 



Operation 






i ^ M(d) 


Description 





NZ 
i = M 
i ^ M 



ST=0 
ST=1 



Compares the contents of RAM addressed by 10-bit direct address 
d9-0 to A-bit immediate data i3-0» 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


INEMD 1 i,d 


$12i 1 d 


2 


2 



Example 



01893 124 030 0656 

01894 171 25C 0658 

01895 171 104 065A 



TBINTR INEMD 4, $030 

BRL INEXTl 
BRL MBACKO 
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No. 


RAM Address Instruction 


32 


lY 



lY (Increment Y) 



Format 


lY 


Operation 


y + 1 -> Y 



NZ 

Y + 1 = ST=0 

Y + I k ST=1 



Description 



Increments the contents of Y register. 
Judges NZ. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ^'^ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




lY 1 


1 

$05C 1 


1 


1 




Example 





00848 002 02AB XSFY 

00849 05C 02AC lY 

00850 3A3 02AD BR KINAMEO 

00851 * 
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No. 


ROM Address Instruction 


33 


JMPL 



JMPL (Long Jump Unconditionally) 



Format 



JMPL u 



Status 



Operation 



No effect 



Unconditional jump to any ROM 
address space. 



Description 



All bits of PC are replaced with 14-bit direct address P3_o» ^9-0* 
OP-code is as follows according to ROM capacity. 



ROM 2k 


P3^P2'^Pl'^^ 


ROM 8k 


P3=0 


ROM 4k 


P3=P2=0 







Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


JMPL 1 u 


$15p 1 d 


2 


2 





Example 



01611 


lAO 


030 


052E 


PROGA 


LMID 


0,$030 


01612 


1A3 


032 


0530 




LMID 


$3, $032 


01613 


lAO 


035 


0532 




LMID 


$0,$035 


01614 


IAD 


036 


0534 




LMID 


$D,$036 


01615 


1A3 


037 


0536 




LMID 


$3, $037 


01616 


lAE 


038 


0538 




LMID 


$E,$038 


01617 


lAF 


039 


05 3A 




LMID 


$F,$039 


01618 


1A8 


03A 


053C 




LMID 


$8,$03A 


01619 


151 


18B 


05 3E 




JMPL 


PROG 
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No. 


Register- to-Register 
Instruction 


34 


LAB 



LAB (Load A from B) 



Format 



LAB 



Status 



Operation 



No effect 



Description 



Transfers the contents of B register to Accumulator. 
The contents of B register are unchanged. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First ', Second 




LAB 1 


1 

$048 1 


1 


1 



Example 



01839 * 

01840 048 0629 LAB 

01841 194 035 062A LMAD $035 

01842 * 
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No. 


Immediate Instruction 


35 


LAI 



LAI (Load A from Immediate) 



Format 



LAI i 



Operation 



Status 



No effect 



i A 



Description 



Transfers 4-bit immediate data i3-0 to Accumulator. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ■ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




LAI 1 i 


$23i ' 
1 


1 


1 



Example 



01152 / * 

01153 230 039F LAI $0 ;A=0 

01154 210 03A0 LYI $0 ;Y=0 

01155 * 
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No. 


RAM Register Instruction 


36 


LAM 



LAM (Load A from Memory) 



Format 



LAM (XY) 



Status 



Operation 



M->A,(X<->SPX, Y^->SPY) 



No effect 



Description 



Transfers the contents of RAM addressed by W, X, Y registers to 
Accumulator. 

The contents of RAM is unchanged. 

(When executing M A, exchanges x register for SPX register, and Y 



MNEMONIC 


y 1 X 


FUNCTION 


LAM 


1 




LAMX 


1 1 


X^SPX 


LAMY 


1 1 


Y^SPY 


LAMXY 


1 1 1 


X^SPX, Y^SPY 



Address format and the number of execution cycles 



Address format 



Mnemonic 



Operand 
format 



Instruction word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



REGISTER 



Example 



LAM(XY) 



%01-1001 
-OOyx 



00941 091 02F6 KIARTHM5 LAMX 

00942 198 04D 02F7 SMCD $04D 

00943 094 02F9 LMA 
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No. 


RAM Register Instruction 


37 


LAMD 



LAMD (Load A from Memory) 



Format 



LAMD d 



Operation 



M(d) A 



Description 

Transfers the contents of RAM addressed by 10-bit direct address 
to Accumulator. 

The contents of RAM is unchanged. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 
1 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


1 

LAMD 1 d 
1 


$190 1 d 


2 


2 



Example 



Status 



No effect 



01716 190 032 

01717 281 

01718 194 032 



0592 PNEXTl 

0594 

0595 



LAMD $032 
Al 1 
LMAD $032 



1 84 HITACHI 



No. 


Register-to-Register 
Instruction 


38 


LAMR 



LAMR (Load A from MR) 



Format 



LAMR m 



Operation 



Status 



No effect 



MR(m) A 



Description 



Transfers the contents of Memory Register (MR) addressed by 4-bit 
direct address ni3.Q to Accumulator. 

(MR, second file of RAM, can be selected (16-digits) by ™3a.O.) 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


LAMR 1 m 


$27m 1 


1 


1 



Example 



01532 * 

01533 276 04E2 LAMR $6 

01534 281 04E3 AI $1 

01535 203 04E4 LBI $3 

01536 IBl 04E5 P $1 
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No. 


Input/Output Instruction 


39 


LAR 



LAR (Load A from R-Port Register) 



Format 



LAR m 



Operation 



Status 



No effect 



R(m) A 



Description 



Transfers the contents of R-Port addressed by 4-bit direct address 
to Accumulator. 

The contents of Port Register are unchanged. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


LAR ' m 


$25m 1 


1 


1 



Example 



00980 * 

00981 253 0314 KIINPUTO LAR $3 

00982 180 02D 0315 XMAD $02D 
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No. 


Register-to-Register 
Instruction 


40 


LASPX 





LASPX (Load A from SPX) 



Format 


LASPX 


Operation 


SPX-^ A 



No effect 



Description 


Transfers the contents of SPX register to Accumulator. 
The contents of SPX register are unchanged. 





Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LASPX 1 


$068 1 


1 


1 



Example 



00835 068 029F LASPX ;A=6 

00836 281 02A0 AI $1 ;A=A+1 A=7 

00837 0E8 02A1 LXA ;X=A X=7 
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No. 


Reglster-to-Registef 
Instruction 


41 


LASPY 



LASPY (Load A from SPY) 



Format 



LASPY 



Status 



Operation 



SPY 



No effect 



Description 



Transfers the contents of SPY register to Accumulator. 
The contents of SPY register are unchanged. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ^ 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LASPY ] 


$058 1 


1 


1 



Example 



01015 002 0336 XSPY 

01016 058 0337 LASPY 

01017 2B3 0338 ALEI $3 
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No. 


Regis ter-to-Register 
Instruc tion 


42 


LAY 





LAY (Load A from Y) 



Format 



LAY 



Operation 



Y -> A 



Description 







Transfers the contents of Y register to Accumulator. 
The contents of Y register is unchanged. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LAY 1 


$OAF 1 


1 


1 





Example 



Status 







No effect 




00585 
00586 
00587 



OAF 
281 

108 02F 



01E5 
01E6 
01E7 



LAY 

AI 

AMD 



$1 

$02F 



;A=Y 

;A=A+1 

;A=A+M(02F) 
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No. 


Register-to-Register 
Instruction 


43 


LBA 



LBA (Load B from A) 



Format 



LBA 



Operation 



Status 







No effect 



A-> B 



Description 



Transfers the contents of Accumulator to B register. 
The contents of Accumulator is unchanged. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic \ ^ 

1 format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




LBA 1 


1 

$0C8 1 


1 


1 



Example 



00839 * 

00840 234 02A3 KINAMEO LAI $4 ;A=4 

00841 0C8 02A4 LBA ;B=A B=4 
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No. 


Immediate Instruction 


44 


LBI 



LBI (Load B from Immediate) 



Format 



LBI i 



Status 



No effect 



Operation 



i -> B 



Description 



Transfers 4-bit immediate data i3-0 to B register. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




LBI 1 i 


1 

$20i 1 


1 


1 


Example 





00888 * 

00889 OAF 02C4 LAY 

00890 206 02C5 LBI $6 
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No. 


RAM Register Instruction 




IBM 





L BM (Lo ad B f r om Memo r y ) 



Format 






LBM (XY) 


Operation 





Status 



B, (X^>SPX, Y<-^SPY) 



No effect 



Description 



Transfers the contents of RAM addressed by W, X, Y registers to B 
register. 

The contents of RAM is unchanged. 

During executing the above, executes the followings according to the 
value of X, y in OP-code. 



MNEMONIC 


y 1 X 


FUNCTION 


LBM 


1 




LBMX 


] 1 


X — SPX 


LBMY 


1 1 


Y -^SPY 


LBMXY 


1 1 1 


X-^SPX, Y-^SPY 



Address format and the number of execution cycles 





Address format 


. , Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


LBM(XY) 1 


%00-0100 1 
-OOyx 1 


1 


1 





Example 



00809 
00810 
00811 
00812 
00813 
00814 



OCO 
200 
040 
ODF 
38E 
010 



028E 
02 8F 
0290 
0291 
0292 
0293 



KIRAMS 



XMB 

LEI 

LBM 

DY 

BR 

RTN 



$0 



KIRAMS 



SAVE B TO M (WXY) 
B=0 

B=M(WXY) 
Y=Y-1 

IF Y>=0 THEN BR 
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No. 


Input/Output Instruction 


46 


LBR 





LBR (Load B from R-Port Register) 



Format 


LBR m 


Operation 


R(m) -> B 



Status 



No effect 



Description 







Transfers the contents of R-Port addressed by 4-bit direct address 
to B register. 

The contents of Port Register is unchanged. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


LBR 1 m 


$24m 1 


1 


1 



Example 



LBR $3 ;B^R(3) 

LMB ;M(WXY)-« — B 
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No. 


RAM Register Instruction 


47 


LMA 



LMA (Load Memory from A) 



Format 



LMA (XY) 



Operation 



A->M (X<-^SPX , Y<->SPY) 



Transfers the contents of Accumulator to RAM addressed by W, X, Y 
registers. 

The contents of Accumulator is unchanged. 



MNEMONIC 


y 1 X 


FUNCTION 


LMA 







LMAX 


1 


X SPX 


LMAY 


1 , 


Y -^ SPY 


LMAXY 


1 j 1 


X**SPX, Y— SPY 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 
First \ Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


LMA(XY) 1 


%00-1001 1 
-Olyx 1 


1 


1 


Example 





Status 







No effect 



LWI 


$0 


LXI 


$4 


XSPX 




LXI 


$3 


LYI 


$0 


LAI 


$5 


LMAX 




LAI 


$A 


LMAX 





;M(030)*~$5 
;M(040)-^$A 
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No. 


RAM Register Instruction 


48 


LMAD 





LMAD (Load Memory from A) 



Format 



LMAD d 



Operation 



A-^M(d) 



Description 







Transfers the contents of Accumulator to RAM addressed to lO-bit 
direct address. 

The contents of Accumulator is unchanged. 



Address format and the number of cycles 





Address format 


. 1 Operand 
Mnemonic / 

format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


LMAD 1 d 


1 

$194 1 d 


2 


2 



Example 



Status 



No effect 



01901 230 0663 LAI 

01902 118 034 0664 AMCD $034 

01903 194 034 0666 LMAD $034 
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No. 


RAM Register Instruction 


49 


LMADY 





LMADY (Load Memory from A, Decrement Y) 



Format 



LMADY (X) 



Status 



Operation 



Y - 1-^Y (X^>SPX) , A->M 



NB 

Y - 1 < 

Y - 1 ^ 



ST=0 
ST*1 



Description 



Transfers the contents of Accumulator to RAM addressed by W, X, 
and Y registers. 

The contents of Accumulator is unchanged. 
Decrements the contents of Y register and judges NB. 
(During executing the above, executes the following operation 
according to the value of x in OP-code. 



MNEMONIC 


x 


FUNCTION 


LMADY 







LMADYX 


1 


X SPX 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


LMADY (X) 1 


%00-1101 1 
-OOOx 1 


1 


1 



Example 



01048 * 

01049 230 0354 LAI $0 

01050 ODO 0355 LPEl LMADY 

01051 355 0356 BR LPEl 
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No. 


RAM Register Instruction 


50 


LMAIY 



LMAIY (Load Memory from A, Increment Y) 



Format 



LMAIY (X) 



Status 



Operation 




Y + 1->Y 


(X^^SPX) , A->M 



NZ 

Y + 1 = 

Y + 1 H 



ST=0 
ST=1 



Description 



Transfers the contents of Accumulator to RAM addressed by W, X, 
and Y registers. 

The contents of Accumulator is unchanged. 
Increments the contents of Y and judges NZ. 

(During executing the above, executes the following operation according 
according to the value of x in OP-code. 



MNEMONIC 


x 


FUNCTION 


LMAIY 







LMAIYX 


1 


X SPX 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First I Second 


REGISTER 


LMAIY (X)i 


%00-0101 1 
-OOOx 1 


1 


1 





Example 



00909 


051 


02D6 


LMAIYX 


00910 


091 


02D7 


LAMX 


00911 


118 044 


02D8 


AMCD 


00912 


0A6 


02DA 


DAA 


00913 


051 


02DB 


LMAIYX 



$044 
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No. 


Immediate Instruction 


51 


LMID 





LMID (Load Memory from Immediate) 



Format 



LMID i,d 



Operation 



i-> M(d) 



Status 



No effect 



Description 



Transfers 4-bit immediate data i^-O RAM addressed by 10~bit 
direct address d9-0* 



Address format and the number of execution cycles 



Address format 



Mnemonic 



Operand 
format 



Instruction word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



DIRECT 



LMID 



i,d 



$lAi 



Example 



01492 
01493 
01494 
01495 
01496 



1A8 004 
lAF 009 
lAE OOA 
lAF OOB 



04B9 
04BB 
04BD 
04BF 



LMID 
LMID 
LMID 
LMID 



$8, $004 
$F,$009 
$E , $00A 
$F,$OOB 



;TMB EXT INPUT 

;TCBL=E 

;TLRU=F 
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No. 


Immediate Instruction 


52 


LMIIY 





LMIIY (Load Memory from Immediate, Increment Y) 



Format 


LMIIY i 


Operation 


i M 

Y + 1 ^ Y 



Status 



Description 


Transfers 4-bit immediate data ^3-0 to RAM addressed by W, X, and 
Y registers. 

Increments the contents of Y register and judges NZ. 





Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

j format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First \ Second 


REGISTER 


LMIIY 1 i 


$29i 1 


1 


1 



Example 



00961 
00962 
00963 
00964 
00965 



290 
07A 
309 



0309 
030A 
030B 



KIARTHM8 



LMIIY 

YNEI 

BRS 



$0 
$A 

KIARTHM8 
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No. 


Input /Output Instruction 


53 


LRA 





LRA (Load R-Port Register from A) 



Format 



LRA m 



Status 



Operation 



No effect 



A -> R(m) 



Description 



Transfers the contents of Accumulator to R-Port register addressed 

by 4-bit direct address m3-0' 

The contents of Accumulator is unchanged. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic Ic ' 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


LRA 1 m 


$2Dm ] 


1 


1 



Example 



00675 






* 






00676 


000 


022D 


KI0UTC4 


NOP 




00677 


160 255 


022E 




CALL 


KIZMC 


00678 


2D1 


0230 




LRA 


$1 


00679 


2C2 


0231 




LRB 


$2 


00680 


338 


0232 




BR 


KIOUTC9 


00681 






* 







200 HITACHI 



No. 


Input/Output Instruction 


5A 


LRB 





LRB (Load R-Port Register from B) 



Format 


LRB m 


Operation 


B R(m) 



Status 



No effect 



Description 



Transfers the contents of B register to R-Port register addressed 

by 4-bit direct address m3-o» 

The contents of B register is unchanged. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


LRB 1 m 


$2Cm ] 


1 


1 



Example 



00664 












00665 


000 


0222 


KIOUTCO 


NOP 




00666 


160 255 


0223 




CALL 


KIZMC 


00667 


2D2 


0225 




LRA 


$2 


00668 


2C4 


0226 




LRB 


$4 


00669 


338 


0227 




BR 


KI0UTC9 


00670 






* 







HITACHI 201 



No. 


RAM Address Instruction 


55 


LWI 





LWI (Load W from Immediate) 



Format 



LWI i 



Status 



Operation 






i W 



No effect 



Description 



Transfers 2-bit immediate data ii-o to W register. 
Specifies RAM file No. with X register. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LWI 1 i 


%00--llll 1 
-OOiiio" 


1 


1 





Example 



01690 222 

01691 OFO 

01692 210 

01693 290 



05 7E RAMINIT 

057F 

0580 

0581 RLOOP 



LXI 2 

LWI 

LYI 

LMIIY 
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No. 


RAM Address Instruction 


56 


LXA 



LXA (Load X from A) 



Format 


LXA 


Operation 


A->X 



No effect 



Description 



Transfers the contents of Accumulator to X register. 
The contents of Accumulator is unchanged. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




LXA 1 


$0E8 1 


1 


1 


Example 

01696 
01697 
01698 


068 0584 LASPX 

281 0585 AI 1 

0E8 0586 LXA 
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No. 


RAM Address Instruction 


57 


LXI 



LXI (Load X from Immediate) 



Format 



LXI i 



Operation 



i ^ X 



Description 







Transfers 4-bit immediate data i3-o ^ register. 
Specifies RAM file No. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LXI 1 i 


$22i ' 


1 


1 



Example 



Status 



No effect 



00492 
00493 
00494 
00495 
00496 
00497 



OFO 
224 
2 IF 
23F 
281 
ODO 



0192 
0193 
0194 
0195 
0196 
0197 



LWI 
LXI 
LYI 
LAI 
AI 

LMADY 



$0 
$4 
$F 
$F 
$1 



;W=0 
;X=4 
;Y=F 
;A=F 
;A=A+1 

;M(WXY)=A Y=Y- 
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No. 


RAM Address Instruction 


58 


LYA 



LYA (Load Y from A) 



Format 


LYA 


Operation 


A-^ Y 



No effect 



Description 



Transfers the contents of Accumulator to Y register. 
The contents of Accumulator is unchanged. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




LYA 1 


$0D8 ] 


1 


1 


Example 

01874 
01875 
01876 


190 032 0645 TIMER LAMD $032 
0D8 0647 LYA 
0E4 0648 SED 
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No. 


RAM Address Instruction 


59 


LYI 





LYI (Load Y from Immediate) 



Format 



LYI i 



Status 



Operation 



No effect 



Description 



Transfers 4-bit immediate data is-O to Y register. 
Specifies RAM digit No. and address of discrete I/O. 





Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




LYI 1 i 


$21i 1 


1 


1 



Example 



00218 OFO 00C4 LWI $0 

00219 220 00C5 LXI $0 

00220 210 00C6 LYI $0 

00221 002 00C7 XSPY 

00222 218 00C8 LYI $8 
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No. 


Arithmetic Instruction 


60 


NEGA 





NEGA (Negate A) 



Format 


NEGA 


Operation 


S + 1 A 



Status 



No effect 



Description 



Takes 2*s complement of the contents of Accumulator and stores 
the result in Accumulator. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^.^ 

' format 


Instruction word 


Number 
of words 


Number , of 
execution 
cycles 


First 1 Second 




NEGA 1 


$060 1 


1 


1 



Example 



00795 
00796 
00797 
00798 



04C 
048 
060 



0282 
0283 
0284 



KIRAM7 



IB 

LAB 

NEGA 



;B=B+1 

;A=B 

;A=-A 
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No. 


Control Instruction 


61 


NOP 



NOP (No Operation) 



Format 



NOP 



Operation 



Updates the program counter only 
and has no effect on the other 
registers. 



Description 



Address format and the number of execution cycles 


Address format 


.1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




NOP 1 


1 

$000 1 


1 


1 



Example 



01549 


200 


04EA 


KIDLYON 


LB I 


01550 


04C 


04EB 




IB 


01551 


000 


04EC 




NOP 


01552 


000 


04ED 




NOP 


01553 


000 


04EE 




NOP 


01554 


000 


04EF 




NOP 


01555 


000 


04F0 




NOP 


01556 


3EB 


04F1 




BR 


01557 


010 


04F2 




RTN 



Status 







No effect 
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No. 


Arithmetic Instruction 


62 


OR 



OR (OR A and B) 



Format 


OR 


Operation 


AUB A 



Status 



No effect 



Description 


I 
c 


Performs logical OR between the contents of Accumulator and those 
)f B register, and stores the result in Accumulator. 





Address format and the number of execution cycles 





Address format 


. , Operand 
Mnemonic ^ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




OR 1 


$144 1 


1 


1 





Example 



01136 
01137 
01138 
01139 
01140 



20A 
235 
144 
0C8 



0392 
0393 
0394 
0395 



LBI 
LAI 
OR 
LBA 



$A 
$5 



;B=1010 
;A=0101 
;A=AUB A=llll 
;B=F 
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No. 


Arithmetic Instruction 


63 


ORM 





ORM (OR Memory with A) 



Format 


ORM 


Operation 


AUM-> A 



NZ 

AUM = ST^O 
AUM H ST=1 



Description 



Performs logical OR between the contents of Accumulator and those 
of RAM addressed by W, X, and Y registers, and stores the result 
in Accumulator. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic / 

j format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


ORM ' 


$00C 1 


1 


1 



Example 



01253 21F 03F6 LYI $F 

01254 OOC 03F7 ORM 

01255 ICE 03F8 CAL OSERROR 
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No. 


Arithmetic Instructi 


64 


ORMD 



ORMD (OR Memory with A) 



Format 



ORMD d 



Status 



Operation 



AUM(d) 



NZ 
AUM = 
AUM H 



ST=0 
ST=1 



Description 



Performs logical OR between the contents of Accumulator and those 
of lO-bit direct address dg-O' stores the result in Accumulator. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


ORMD 1 d 


$10C ' d 


2 


2 





Example 



01256 IOC 07F 03F9 ORMD $07F 

01257 ICE 03FB CAL OSERROR 

01258 * 
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No. 


Input/Output Instruction 


65 


P 





P (Pattern Generation) 



Format 



Status 



Operation 





R7 'V' RO 


Destination 




kOm pattern 


to A,B registers 


10 


ROM pattern 


to fti,R2 registers 


11 


ROM pattern 


to A,B and Ri,R2 


00 


ROM pattern 





No effect 



Description 



Loads ROM bit pattern addressed by PC of which the contents are 
replaced with Accumulator, B register, and 4-bit register into 
Port register , R2 , or Accumulator, B register. 



Replaced PC 



_PCn 



PCq 



1 : Q : p3 : p2 : pi : po : B3 : b2 : ; bq ; A3 ; A2 ; a^ ■ aq [ 



R9 



R8 



R7 



R33 



R6 



R32 



R5 



R31 



H . R3 . R2 . Ri . Rq 



ROM pattern 

Loaded into Accumulator, B 
register 



R3O.R23.R22. R2I. R20I Loaded into Ri,R2 registers 



Address format and the number of execution cycles 



Address format 



Mnemonic 



Operand 
format 



Instruction word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



REGISTER + 
DIRECT(4 bits) 

Example 



$lBp 



01782 * 

01783 236 05E2 LAI 6 

01784 20E 05E3 LBI $E 

01785 1B7 05E4 P 7 



No. 


Arithmetic Instruction 


66 


REC 



REC (Reset Carry) 



Format 



REC 



Operation 



CA 



Description 



Resets Carry. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ' 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




REC 1 


$OEC 1 


1 


1 



Example 



01896 


000 




065C 


INEXTl 


NOP 




01897 


231 




06 5D 




LAI 


1 


01898 


OEC 




06 5E 




REC 




01899 


118 


033 


06 5F 




AMCD 


$033 


01900 


194 


033 


0661 




LMAD 


$033 



Status 



No effect 
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No. 


Input/Output Instruction 


67 


RED 





RED (Reset Discrete I/O Latch) 



Format 






RED 


Operation 





Status 



-> D (Y) 



No effect 



Description 



Resets discrete I/O latch addressed by Y register. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic 

• format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


RED 1 


$064 I 


1 


1 



Example 



00223 








00224 


064 


00C9 


RMLOOP RED 


00225 


002 


OOCA 


XSPY 


00226 


05C 


OOCB 


lY 


00227 


002 


OOCC 


XSPY 


00228 


05C 


OOCD 


lY 


00229 


3D0 


OOCE 


BR 


00230 


002 


OOCF 


XSPY 


00231 


042 


OODO 


LBMY 


00232 


092 


OODl 


LAMY 


00233 






* 


00234 


2D1 


00D2 


LRA 


00235 


2C2 


00D3 


LRB 


00236 


0E4 


00D4 


SED 


00237 
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No. 


Input /Output Instruction 


68 


REDD 



REDD (Reset Discrete I/O Latch Direct) 



Format 






REDD m 


Operation 


-> D (m) 



Status 



No effect 



Description 

] 


Resets discrete I/O latch addressed by 4-bit direct address m3_0' 





Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT (4 bits) 


REDD 1 m 


$26m 1 


1 


1 



Example 



01240 ICE 03EB CAL OSERROR 

01241 262 03EC REDD $2 
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No. 


RAM Bit Manipulation 
Instruction 


69 


REM 



REM (Reset Memory Bit) 



Format 



REM n 



Operation 



-> M(n) 



Description 



Resets the bit specified by n-j^^Q of RAM addressed by W, X, and 
Y registers. 



Address format and the number of execution cycles 


Address format 


.1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


REM 1 n 


%00-1000 J 
-10 n^^ nQi 


1 


1 


Example 

01034 
01035 
01036 


094 0347 LMA 

08B 0348 REM 3 

08A 0349 REM 2 



^16 rii mLiHi 



Status 



No effect 



No. 


RAM Bit Manipulation 
Instruction 


70 


REMD 





REMD (Reset Memory Bit) 

Format 



REMD n,d 



Operation 



-> M(d,n) 



Description 



Resets the bit specified by ni-o of RAM addressed by 10-bit 
direct address d9_o. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ' 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


REMD • n,d 


%01-1000 1 

-10 ni no 1 ^ 


2 


2 





Example 



Status 



No effect 



01497 
01498 
01499 
01500 
01501 



185 001 04C1 

188 002 04C3 

189 002 04C5 
184 000 04C7 



SEMD 
REMD 
REMD 
SEMD 



1,$001 

0, $002 

1, $002 
0,$000 



;SET IMl 
; RESET IFTB 
; RESET IMTB 
;SET I/E 
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No. 


Arithmetic Instruction 


71 


ROTL 





ROTL (Rotate Left A with Garry) 



Format 



ROTL 



Status 



Operation 



Rotates the contents of Accumulator 
with Carry (CA) to the left by 1 bit. 



No effect 



Description 



CA 







^3!A2>i'.Aq 



(Result) 



A3 Az.Ai.Aq CA 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 


Number 
of words 


Number. of 
execution 
cycles 


First 1 Second 




ROTL 1 


$0A1 1 


1 


1 





Example 



00588 
00589 
00590 
00591 
00592 



OEC 
OAl 
200 
OBI 



01E9 
OlEA 
OlEB 
OlEC 



REG 
ROTL 
LBI 
TBR 



$0 
$1 
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No. 


Arithmetic Instruction 


72 


ROTR 





ROTR (Rotate Right A with Carry) 



Format 



ROTR 



Status 



Operation 



Rotates the contents of Accumulator 
with Carry (CA) to the right by 1 
bit. 



No effect 



Description 



CA 



(Result) 



Aq 



CA A3A2 



Address format and the number of execution cycles 





Address format 


.1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




ROTR 1 


$0A0 1 


1 


1 



Example 



01431 * 

01432 058 0489 KISCANT LASPY 

01433 OAO 048A ROTR 

01434 06F 048B TO 

01435 390 048C BR KISCT^R 



HITACHI 219 



No. 


ROM Address Instruction 


73 


RTN 



RTN (Return from Subroutine) 



Format 



RTN 



Status 



Operation 



Retures from subroutine. 



No effect 



Description 



Returnes the contents of PC saved in RAM (stack area) when occuring 
subroutine instruction or interrupt to PC. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number. of 
execution 
cycles 




RTN 1 


$010 1 


1 


3 


Example 





00593 * 

00594 20C OlED KIDLYKEY LBI $R 

00595 04C OlEE IB 

00596 3EE OlEF BR *-l 

00597 010 OlFO RTN 
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No. 


ROM Address Instruction 


74 


RTNI 





RTNI (Return from Interrupt) 



Format 



RTNI 



Status 



Operation 



1 -> I/E return from subroutine 



Restores the contents of Status 
saved before . 



Description 



This is the return instruction (RTN) accompanied by I/E set 
instruction. 

Restores Carry and Status simultaneously. 



Address format and the number of cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




RTNI 1 


$011 1 


1 


3 



Example 



01478 2FF 04B1 KITMRTN XMRA $F 

01479 18A 001 04B2 REMD 2, $001 

01480 Oil 04B4 RTNI 
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No. 


Control Instruction 


75 


SBY 



SBY (Stand-by Mode) 



Format 



SBY 



Operation 



Status 



No effect 



Brings to Stand-by mode. 



Description 



The SBY instruction puts the MCU into the Standby mode. In the Standby 
mode, the oscillator circuit is active and timer /counter and serial inter- 
face continue working. On the other hand, the CPU stops since the clock 
related to the instruction execution stops. Registers, RAM and Input/ 
Output pins retain the state they had just before going into the Standby 
mode. The Stand-by mode is released by RESET input or CPU interrupt. 
If I/E=l, enters into interrupt sequence and if I/E=0, execai.es the 
instruction next to SBY without executing interrupt process. 



Address format and the number of execution cycles 




Address format 


.1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number , of 
execution 
cycles 




SBY 1 


1 

$14C 1 


1 


1 



Example 



REM 

lY 

SBY 

LAR $1 
LMAIY 

LAR $1 
LMAIY 
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No. 


Arithmetic Instruction 


76 


SEC 



SEC (Set Carry) 



Format 


SEC 


Operation 


1 ->CA 



No effect 



Description 







Sets Carry. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




SEC 1 


$OEF 1 


1 


1 


Example 





SEC 

SMCD ;M-A-CA(0)— 
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No. 


Input /Output Instruction 


77 


SED 





SED (Set Discrete I/O Latch) 



Format 



SED 



Status 



Operation 



No effect 



l-> D(Y) 



Description 



Sets discrete I/O addressed by Y register. 



Address format and the number of execution cycles 


Address format 


.1 Operand 
Mnemonic / ■ 
' format 


Instruction word 
First \ Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


SED 1 


$0E4 1 


1 


1 




Example 





LYI 

SED 

lY 

SED 

lY 

SED 

lY 

SED 



$0 



D(0)=1 
D(l)=l 
D(2)=l 
D(3)=l 
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No. 


Input /Output Instruction 


78 


SEDD 



SEDD (Set Discrete I/O Latch Direct) 



Format 



SEDD m 



Operation 



Status 



No effect 



1 ^ D (m) 



Description 



Sets discrete I/O addressed by 4-bit direct address m3-o* 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT (4 bits) 


SEDD • m 


$2Em 1 


1 


1 


Example 





01101 
01102 
01103 
01104 
01105 
01106 



2E0 
2E1 
2E2 
2E3 



037A 
037B 
037C 
037D 



KIDINCLR 



SEDD 
SEDD 
SEDD 
SEDD 



$0 
$1 
$2 
$3 



;D(0)=1 
;D(1)=1 
;D(2)=1 
;D(3) =1 
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No. 


RAM Bit Manipulation 
Instruction 


79 


SEM 





SEM (Set Memory Bit) 



Format 



SEM n 



Operation 



l-> M(n) 



Description 



Sets the bit specified by ni-0 of RAM addressed by W, X, and Y 
registers. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


SEM 1 n 


%00-1000 \ 
-01 n^ no' 


1 


1 



Example 



Status 



No effect 



01319 
01320 
01321 
01322 
01323 
01324 



220 
08A 
08B 
084 



0428 
0429 
042A 
042B 



LXI 
REM 
REM 
BEM 



$0 
2 
3 
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No. 


RAM Bit Manipulation 
Instruction 


80 


SEMD 



SEMD (Set Memory Bit) 



Format 



SEMD n,d 



Status 



Operation 



1 -> M(d,n) 



No effect 



Description 



Sets the bit specified by ni-o of RAM addressed by 10-bit direct 
address d(^-o* 



Address format and the number of execution cycles 



Address format 



Mnemonic 



I Operand 
' format 



Instruc tion word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



DIRECT 



SEMD 



I 



n ,d 



%01-1000 
-01 nx no 



Example 



01062 187 043 035E SEMD $3, $043 

01063 363 0360 BR LPE3 

01064 18B 043 0361 REMD $3, $043 

01065 000 0363 LPE3 NOP 

01066 * 
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No. 


Arithmetic Instruction 


81 


SMC 





SMC (Subtract A from Memory with Carry) 



ST=0 
ST=1 



Description 



Subtracts the contents of Accumulator and CA from the contents of 
RAM addressed by W, X, and Y registers and stores the result in 
Accumulator . 

Latches NB into CA and judges it. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


SMC 1 


$098 1 


1 


1 



Example 



Format 



Status 



SMC 



NB of (M-A-Cl) 
M - A - CA < 
M - A - CA ^ 



Operation 



A - CA-> A, NB-^ CA 



01170 
01171 
01172 
01173 
01174 



05C 
098 
ICE 
050 
008 



03AD 
03AE 
03 AF 
03B0 
03B1 



lY 

SMC 

CAL 

lY 

AM 



OSERROR 



;Y=Y+1 

;A=M(WXY)-A-CA 

;Y=Y+1 
;A=M(WXY)+A 
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No. 


Arithmetic Instruction 


82 


SMCD 



SMCD (Subtract A from Memory with Carry) 



Format 


SMCD d 


Operation 
M(d) - A 


- CA-*-A, NB-^CA 



NB of (M-A-CA) 
M ~ A - CA < ST=0 
M - A - CA ^ ST=1 



Description 



Subtracts the contents of Accumulator and CA from the contents 
of RAM addressed by 10-bit direct address d9~0> ^^d stores the 
result in Accumulator. 
Latches NB into CA and judges it. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic / 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT 


SMCD 1 d 


$198 1 d 


2 


2 


Example 





lY ;Y=Y+1 

SMCD $035 ;A=M(035) -A-CA 

CAL OSERROR 

lY ;Y=Y+1 

AM ;A=M(WXY)+A 
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No. 


Control Instruction 


83 


STOP 





STOP (Stop Mode) 



Format 



STOP 



Operation 



Brings to Stop mode. 



Description 



Brings all operations to halt by stopping oscillation. 
The contents of RAM are held. 

Stop mode is released with reset and the next operation starts from 
the reset state. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

j format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




STOP 1 


$14D 1 


1 


1 



Example 



01593 


134 


030 


0518 


ELSEl 


ILEMD 


4, $030 


01594 


171 


18B 


05 lA 




BRL 


PROG 


01595 


133 


030 


051C 




ILEMD 


3, $030 


01596 


171 


161 


05 IE 




BRL 


PROGD 


01597 


132 


030 


0520 




ILEMD 


2, $030 


01598 


171 


1B6 


0522 




BRL 


PROGC 


01599 


131 


030 


0524 




ILEMD 


1,$030 


01600 


171 


IBB 


0526 




BRL 


PROG 



STOP 



Status 







No effect 
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(Note) The STS instruction is not available 
in the HMCS412 and HMCS414. 

STS (Start Serial) 



Format 



STS 



Operation 



Serial Start 



Description 



Starts serial operation. 
Outputs serial internal clock. 

Enables itself to reset serial counter and input serial clock to 
serial counter and serial shift register. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




STS 1 


$148 1 


1 


1 


Example 





No. 


Control Instruction 


84 


STS 



Status 



No effect 



LMID 


$3, 


$ 


PMR 


LMID 


$5, 


$ 


SRL 


LMID 


$A, 


$ 


SRU 


LMID 


$3, 


# 


SMR 


SEM 


$0, 


$000 


SET I/E 


REM 


$0, 


$003 


RESET IPS 


REM 


$1, 


$003 


•RESET IMS 


STS 






START SCI 
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No . 


RAM Address Instruction 


85 


SYY 



SYY (Subtract A from Y) 



Format 


SYY 


Operation 


Y - A->Y 



NB of (Y~A) 

Y - A < ST=0 

Y - A ^ ST=1 



Description 



Adds two's complement of the contents of Accumulator to the 
contents of Y register. (Y+A+1). 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ^ 

] format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 




SYY 1 


$0D4 1 


1 


1 



Example 



01158 0D4 03A3 SYY ;Y=Y-A 

01159 ICE 03A4 CAL OSERROR 
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No. 


ROM Address Instruction 


86 


TBR 





TBR (Table Branch) 



Format 



TBR 



Status 



Operation 



Unconditional branch with 
Table. 



No effect 



Description 



PCil-0 are modified by Accumulator, B register, and 4-bit direct 
address P3-0* That is, performs unconditional branch with the 
data of Accumulator, B register, and 4-bit direct address. 
PC13-12 are 0. 



PC 



13 



PC, 







-1 1 1 1 r-' — \ 1 1 \ 1 1 

P3 P2 Pi Po B3 B2 Bq A3 A2 A^ Aq 



1 r 

] 

J u 



Address format and the number of execution cycles 



Address format 



Mnemonic 



Operand 
format 



Instruction word 



First 



Second 



Number 
of words 



Number .of 
execution 
cycles 



REGISTER + 
DIRECT (4 bits) 



TBR 



$OBb 



Example 



LAI $5 
LBI $7 

TBR $3 ;JUMP TO Address ($0375) 
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No. 


Arithmetic Instruction 


87 


TC 



TC (Test Carry) 



Format 



TC 



Operation 



Status 



CA CA=0 
CA=1 



ST=0 
ST=1 



Tests the contents of CA 
(Carry) . 



Description 



The contents of CA remains unchanged. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic \ ^ ■ 

1 format 


Instruction word 


Number 


Number .of 
execution 
cycles 


First 1 Second 


of words 




TC ' 


$06F ] 


1 


1 





Example 



00244 
00245 
00246 
00247 
00248 
00249 
00250 



25A 
OAO 
OAO 
06F 
0F3 
3E2 



OODB 
OODC 
OODD 
OODE 
OODF 
OOEO 



LAR 

ROTR 

ROTR 

TC 

LWI 

BR 



$A 



$3 
*+2 
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No. 


Input/Output Instruction 


88 


TD 


TD (Test Discrete I/O Latch) 



Format 


TD 


Operation 


Tests D(Y). 



D (Y) D(Y)=0 ST=0 
D(Y)=1 ST=1 



Description 



Trsts discrete I/O addressed by Y register. 
The contents of discrete I/O latch. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic 

] format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


REGISTER 


TD ] 


$0E0 1 


1 


1 



Example 



LYI $12 

TD ;TEST D(12) 

BRL OSERROR ; IF ST=1 
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No. 


Input/Output Instruction 


89 


TDD 



TDD (Test Discrete I/O Latch Direct) 



Format 



TDD m 



Status 



Operation 



Tests D(m). 



D(m) D(in)==0 
D(m)=l 



ST=0 
ST=1 



Description 



Tests discrete I/O addressed by 4-bit direct address m^^Q* 
The contents of discrete I/O latch. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First ] Second 


DIRECT (4 bits) 


TDD 1 m 


$2Am 1 


1 


1 



Example 



01581 


2A3 




0504 


MBACKO 


TDD 


3 


01582 


171 


109 


0505 




BRL 


NEXTl 


01583 


171 


12E 


0507 




BRL 


PROGA 


01584 


2A2 




0509 


NEXTl 


TDD 


2 


01585 


171 


lOE 


050A 




BRL 


NEXT2 


01586 


171 


140 


050C 




BRL 


PROGB 


01587 


2A1 




050E 


NEXT2 


TDD 


1 


01588 


171 


113 


050F 




BRL 


NEXT 3 


01589 


171 


152 


0511 




BRL 


PROSCX 


01590 


2A0 




0513 


NEXT3 


TDD 





01591 


171 


118 


0514 




BRL 


ELSEl 


01592 


171 


160 


0516 




BRL 


INITD 
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No. 


RAM Bit Manipulation 
Instruction 


90 


TM 



TM (Test Memory Bit) 



Status 



M(n) M(n)=0 ST=0 
M(n)=l ST=1 



Description 







Tests the bit specified by ni-o of RAM addressed by W, X, and Y 
registers. 

The contents of RAM remains unchaned. 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


TM 1 n 


%00-1000 1 
-llnino] 


1 


1 



Example 



Format 


IM n 


Operation 


rests M(n). 



01226 * 

01227 21E 03E0 LYI $E 

01228 * 

01229 08F 03E1 TM 3 

01230 ICE 03E2 CAL OBERROR 



HITACHI 237 



No. 


RAM Bit Manipulation 
Instruction 


91 


TMD 





TMD (Test Memory Bit) 



Format 



TMD n,d 



Status 



Operation 



Tests M(d,n) 



M(n) M(n)=0 
M(n)=l 



ST=0 
ST=1 



Description 



Tests the state of bit specified by ni_o addressed by 

W, X, and Y registers. 

The contents of RAM remains unchanged. 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ ^ 
' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


TMD ' n,d 


%01-1000 1 , 
-11 ni no 1 ^ 


2 


2 



Example 



01512 






* 






01513 


253 


04D2 




LAR 


$3 


01514 


2FC 


04D3 




XMRA 


$C 


01515 


18E 02C 


04D4 




TMD 


2 , $02C 


01516 


308 


04D6 




BR 


KICNTNXT 


01517 


3CA 


04D7 




BR 


KICNTDSP 
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No. 


RAM'Register Instruction 


92 


XMA 



XMA (Exchange Memory and A) 



Format 


XMA (XY) 


Operation 
(X^SPX, 


Y<^SPY),M<-> A 



Status 



No effect 



Exchanges the contents of RAM addressed by W, X, and Y registers 
with those of Accumulator. 

(During executing the above, executes the followings according to the 
value of X and y in OP-code. 



MNEMONIC 


y 1 X 


FUNCTION 


XMA 


1 




XMAX 


1 


X-M-SPX 


XMAY 


1 1 


Y«-SPY 


XMAXY 


1 j 1 


X«-SPX, Y-^SPY 



Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic / 

1 format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


XMA(XY) 1 


%00-1000 1 
-OOyx I 


1 


1 



Example 



LWI $0 
LXI $4 
LYI $5 
XSPY 

LYI $0 
LAI $5 

XMAY ;M(040)— *A, Y=5 
XMA ;M(045)*— A 
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No. 


RAM- Register Instruction 


93 


XMAD 



XMAD (Exchange Memory and A) 



Format 



XMAD d 



Operation 



M(d) -> A 



Description 


Exchanges the contents of RAM addressed by 10-bit direct address 
^9-0 with those of Accumulator. 





Address format and the number of execution cycles 





Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


DIRECT 


XMAD 1 d 


$180 1 d 


2 


2 



Example 



Status 



No effect 



01067 


253 




0364 


KIINPUT2 LAR 


$3 


01068 


180 


02D 


0365 


XMAD 


$02D 


01069 


23C 




0367 


LAI 


$C 


01070 


19C 


02D 


0368 


ANMD 


$02D 


01071 


364 




036 A 


BRS 


KIINPUT2 


01072 








* 




01073 


010 




036B 


RTN 
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No. 


RAM- Register Instruction 


94 


XMB 



XMB (Exchange Memory and B) 



Format 



XMB (XY) 



Operation 



(X^SPX, Y^SPY),M<-^B 



Exchanges the contents of RAM addressed by W, X, and Y registers 
with those of B register. 

(During executing the above, executes the followings according to the 
value of X and y in OP-code. 



MNEMONIC 


y 1 X 


FUNCTION 


XMB 


] 




XMBX 


Oil 


X-^SPX 


XMBY 


1 1 


Y SPY 


XMBXY 


1 1 1 


X«-SPX, Y-»*-SPY 



Address format and the number of execution cycles 



Address format 


.1 Operand 
Mnemonic \ r 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 


REGISTER 


XMB(XY) 1 


%00-1100 1 
-OOyx 1 


1 


1 



Example 



Status 



No effect 



01129 
01130 
01131 
01132 
01133 
01134 
01135 



OAF 
207 
IBI 
OCl 
051 
380 



038C 
038D 
038E 
038F 
0390 
0391 



LAY 
LBI 
P 

XMBX 

LMAIYX 

BR 



$7 
$1 



*-5 



A=0 
B=7 

B,A=R0M(17Y) 
M(WXY)=B X-"SPX 
M(WXY)=A Y=Y+1 X**SPX 
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No. 


Regis ter-to-Register 
Instruction 


95 


XMRA 





XMRA (Exchange MR and A) 



Format 



XMRA m 



Operation 



MR(m) <-> A 



Description 



Exchanges the contents of Memory Register (MR) in RAM with those 
of Accumulator. 

16-digits (2 files) are MR, and 4-bit direct address m3-.o can 
select any digit. 



Address format and the number of execution cycles 




Address format 


. 1 Operand 
Mnemonic ' . 

' format 


Instruction word 
First 1 Second 


Number 
of words 


Number .of 
execution 
cycles 


DIRECT (4 bits) 


XMRA 1 m 


$2Fm ] 


1 


1 




Example 

01057 
01058 
01059 
01060 


* 

230 033B LAI $0 
2F3 035C XMRA $3 

/ . * 



Status 



No effect 
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No. 


RAM Address Instruction 


96 


XSPX 





XSPX (Exchange Y and SPX) 



Format 


XSPX 


Operation 


SPX 



Status 



No effect 



Description 



Exchanges the contents of X register with those of SPX register. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ' 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




XSPX 1 


$001 1 


1 


1 



Example 



01123 * 

01124 226 0387 KISTATUS LXI $6 ;X=6 

01125 001 0388 XSPX ;SPX 

01126 OFO 0389 LWI $0 ;W=0 

01127 227 038A LXI $7 ; SPX=7 

01128 210 038B LYI $0 ;Y=0 
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No. 


RAM Address Instruction 


97 


XSPXY 





XSPXY (Exchange X and SPX, Y and SPY) 

Format 



XSPXY 



Operation 



X^ SPX 
Y<-> SPY 



Description 



Exchanges the contents of X register with those of SPX register, 
and the contents of Y register with those of SPY register 
simul taneous ly . 



Address format and the number of execution cycles 


Address format 


. 1 Operand 
Mnemonic / 

] format 


Instruction word 
First 1 Second 


Number 
of words 


Number. of 
execution 
cycles 




XSPXY 1 


$003 1 


1 


1 




Example 





Status 







No effect 



LXI $5 
XSPX 

LXI $0 
LYI $5 
XSPY 

LYI $0 

XSPXY ;X=5, Y=5 

XSPXY ;X=0, Y=0 
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No. 


RAM Address Instruction 


98 


XSPY 





XSPY (Exchange Y and SPY) 



Format 


JCSPY 


Operation 


^ <r^ SPY 



No effect 



Description 



Exchanges the contents of Y register with those of SPY register. 



Address format and the number of execution cycles 



Address format 


. 1 Operand 
Mnemonic ^ 

' format 


Instruction word 


Number 
of words 


Number .of 
execution 
cycles 


First 1 Second 




XSPY 1 


$002 1 


1 


1 



Example 



00987 



00988 


225 


031D 


LXl 


$5 




00989 


001 


031E 


XSPX 




;X=5 


00990 


OFO 


031F 


LWI 


$0 


;W=0 


00991 


224 


0320 


LXI 


$4 


;SPX=4 


00992 


210 


0321 


LYI 


$0 


;Y=0 


00993 


002 


0322 


XSPY 






00994 


210 


0323 


LYI 


$0 


;SPY=0 
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No. 


Compare Instruction 


99 


YNEI 



YNEI (Y Not Equal to Immediate) 



Format 



YNEI i 



Status 



Operation 









NZ of (Y - i) 
Y= 1 
Y% i 



ST-0 
ST=1 



Description 



Compares the contents of Y register to 4~bit immediate data 
(i3-0)- 



Address format and the number of execution dycles 



Address format 



Mnemonic 



YNEI 



Operand 
format 



Instruction word 



First 
$07i 



Second 



Number 
of words 



Number .of 
execution 
cycles 



Example 



01203 * 

01204 07A 03CD YNEI $A 

01205 ICE 03CE CAL OSERROR 

01206 * 
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7. APPLICATIONS 



Note that the circuits and programs shown in this item are example. Please 
examine them on your application carefully. 

7.1 Example of Subroutine Program 

Example of subroutine program much used in the HMCS400 series is shown in 
this item. Subroutine call is effective only when ST is "1". As for sub- 
routine 1 to 6, the following preconditions are applied. 

(1) The locations from $030 to $06F of RAM are used as data area. 

(2) The digits 4 to 15 of data area hold data. 

(3) The locations from $020 to $02F of RAM (Memory Register MRO to MR15 are 
used to save the register contents during interrupt service. 

(4) A', B*, SPX*, SPY*, X\ Y', and W show save area of A, B, SPX, SPY, X, 
Y, and W during interrupt service. Carry (CA) and Status (ST) save and 
return automatically. 

(5) On the program to be interrupted, if writing a value into W, the same value 
is to be written into the location $020 (W'*=MRO). 



Address 



RAM memory map 




Fig. 7-1 RAM Memory Map 
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7.1.1 RAM Clear 

RAM is not initialized by reset function. Therefore user initializes RAM 
with program when initializing RAM. 

Subroutine which clears RAM address from $030 to $03F is shown in Fig, 7-2. 



$0 



$3 -^X 



$0 Y 



$0 -^M 



Y+l-^Y 




BR 



Y=0 



(Label) 

SBO 
SFO 
CL 



Y^O 



(OP) 
LWI 
LXI 
CALL 



(OP) 

LWI 

LXI 

LXI 

LWIIY 

BR 

RTN 



(operand) 
$0 
$3 
$0 
$0 
CL 



(Note) When clearing $PQOto$PQF, loads 
$P into W register and $Q into X 
register, and performs subroutine 
call for SFO at ST=1. 



(Operand) 
$P 
$Q 
SFO 



Fig. 7-2 RAM Clear Subroutine 



7.1.2 RAM Data Transfer 

The subroutine shown in Fig. 7-3 transfers the data of $030 - $03F to $040 
$04F 



(Label) 


(OP) 


(Operand) 


CB 


LWI 


$0 


VD 


LXI 


$4 




A or A 






LXI 


$3 


CF 


LYI 


$0 


TR 


LAMX 






LMAIYX 






BR 


TR 




RTN 





o 



$0 -^w 



$4 -^X 



Specifies receiving 
area 




Specifies sending 
area 



(X=$3) 



(X=$4) 



(Note) When transfering $RPO - $RPF to 
$RQO - $RQF, loads R into W 
register, $Q into SPX register 
and $P into X register, and 
performs subroutine call for CF 
at ST=1. 



(OP) 
LWI 
LXI 
XSPX 
LXI 
CALL 



(Operand) 
$R 
$Q 

$P 
CF 



Fig. 7-3 RAM Data Transfer Subroutine 
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7.1.3 RAM Data Exchange 

The subroutine shown in Fig. 7-4 exchanges the data of $03D to $03F with that 
of $040 - $04F. 



$0 w 






$4 - 


-> X 






X<->SPX 






$3- 


^X 






$0 - 


-> Y 










M - 


> A 


X^SPX 






A- 


> M 


X<^SPX 






A ^ M 


Y+l-M 


X-*~*^SPX 




(Label) 
CHB 
CHF 



CHD 
EX 



(Note) 



(OP) 
LWI 
LXI 
XSPX 
LXI 
LYI 
LAMX 
XMAX 
LMAIY 
BR 
RTN 



(Operand) 
$0 
$5 

$3 
$0 



EX 



When exchanging the data of 
$RPO - $RPF with that of $RQO - 
$RQF, loads $P into X register 
and $Q into SPX register, and 
performs subroutine call for CHD 
at ST=1. 



(OP) 
LWI 
LXI 
XSPX 
LXI 
CALL 



(Operand) 
$R 
$Q 

$P 
CHD 



Fig. 7-4 RAM Data Exchange Subroutine 
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7.1.4 Decimal Addition 

The subroutine shown in Fig. 7-5 performs decimal addition between decimal 
12-digit data $034 - $03F and $044 - $04F, and stores the result in $034 - $04F. 



$0 W 



T 



$3 



$4-> X 



0-^CA 



T 



$4-^ Y 



X<->SPX 



M+A+CA->A 



DAA 



Y+l-^Y 



X^SPX 




Y^O 



(Label) 



ADD 



(OP) 
LWI 
LXI 
XSPX 
LXI 
REC 
LYI 
LAMX 
AMC 
DAA 
LMAIYX 
BR 
RTN 



(Operand) 
$0 
$3 

$4 

$4 



ADD 



(Note) Carry data of the most significant 
digit remaines in Carry (CA) in 
this example. 



Fig. 7-5 Decimal Addition Subroutine 
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7.1.5 Decimal Subtraction 

The subroutine shown in Fig. 7-6 subtracts the decimal 12-ciigit data of $044 
$04F from that of $034 - $03F, and stores the result in $034 - $03F. 



9 



$0 ->w 






$3->X 






X^SPX 






$4->X 






I- 


^CA 



$4 Y 












M-> A 




X<^SPX 








M-A-CA->A 








DAS 








A-^ M 




Y+l-^Y 




X<^ 


SPX 




J^Y^O 
^ BR ^ 



Y=0 



RTN 



(Label) 



SUB 



(OP) 
LWI 
LXI 
XSPX 
LXI 
SEC 
LYI 
LAMX 
SMC 
DAS 

LMAIYX 

BR 

RTN 



(Operand) 
$0 
$3 

$4 

$4 



SUB 



(Note) Borrow data of the most significant 
digit remaines in Carry (CA) in 
this example . 



Fig. 7-6 Decimal Subtraction Subroutine 
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7.1.6 Interrupt Service 



Carry (CA) and Status (ST) are saved and restored automatically. The A, B, 
SPX, SPY, X, Y, and W registers should be saved by software. However, W must 
be saved by the following process since it cannot be directly saved in memory 
or a register. If a value is written into W with the LWI instruction by a 
program requiring an interrupt service, the same value as W must be written 
to RAM area MRO; MRO is then saved in W' through the accumulator. The value 
of MRO should be the same as that of W during program execution. In addition, 
due to RAM retriction, the value of W must be or 3. Refer to Fig. 7-7. 



(Label) 


(OP) 


(Operand) 


(Comment) 


Register save SAVE 


XMRA 


$F 


A SAVE 




LAB 








XMRA 


$E 


B SAVE 




LASPX 








XMRA 


$D 


SPX SAVE 




LASPY 








XMRA 


$C 


SPY SAVE 




XSPX 








LASPX 








XMRA 


$B 


X SAVE 




LAY 








XMRA 


$A 


Y SAVE 




LAMR 


$0 






XMRA 


$9 


W SAVE 




RTN 






Register return 








LOAD 


INEMD 


^J, $uzy 






BR 


LOOPl 






LWI 


$3 






LMID 


$3, $020 






BR 


L00P2 




LOOPl 


LWI 


$0 






LMID 


$0, $020 




L00P2 


XMRA 


$A 






LYA 




Y LOAD 




XMRA 


$B 






LXA 




X LOAD 




XSPXY 








XMRA 


$C 






LYA 




SPY LOAD 




XMRA 


$D 






LXA 




SPX LOAD 




XSPXY 








XMRA 


$E 






LBA 




B LOAD 




XMRA 


$F 


A LOAD 




RTN 







Fig. 7-7 Interrupt Service Program 
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7.1.7 Display Tube Dynamic Drive 



The program performs dynamic display of 9-digit BCD data, $037-$03F in 
decimal* The display tube has 7 display segments (excluding decimal point) 
and is composed of 9 digits in all (refer to Fig. 7-8). 



\^ower 
Upper\^ F 


E 


D 


C 


B 


A 


9 


8 


7 


6 


5 


$03 


MSD 
















LSD 









Display 
tube digits 



o 



□ 



^20 , 
/ 7 segment 




Fig. 7-8 Configuration of Display Tube 



Discrete I/O pins D7~Di5 are used as digit control signals and data I/O 
ports Rl, R2 are used as segment signals. The Y register addresses D port. 

Segment display data are held in ROM pattern area and accessed by pattern 
instructions. This data is then loaded into registers and output from Rl, R2 
ports. 

For example, data "5" is stored at address $037 as a binary number 
"(0101)2". If this data is displayed in decimal, each segment signal 
becomes RlQ-O, Rii=l, Ri2=l, R20~l> R21~0» R22~l> and R23=l. 

The above data is stored at address $115 of ROM pattern area as shown in 
Table 7-1. 

Table 7-1 Contents of ROM Address $115 



Control 
part 


Data for segment display 


r9 


r8 


r7 


r6 


r5 


r4 


r3 


r2 


rl 


rO 


1 





1 


1 





1 





1 


1 
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(10)2 of the control part specifies that the contents of r7-rO are output 
to Ri and R2 ports. 

At this time, the pattern reference address should specify $115 as shown 
in Table 7-2. $5 is written into the accumulator, $1 into B register and $1 
is specified as direct data of the pattern instruction. The upper 2 bits are 
fixed. Refer to pattern generation for additional information. 

Fig. 7-9 shows allocation of ROM pattern area. The segment data represents 
"0" in $110, and "1" in $111. In the same manner, segment data from to 9 
are represented from $110 to $119, respectively. 

The flowchart for the display tube dynamic drive routine is shown in Fig. 
7-10. Fig. 7-11 and Fig, 7-12 show the program listing and timing chart, 
respectively. 
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Table 7-2 Pattern Reference Address 



Fixed 



Direct 



B register 



B2 



Bo 



Accumulator 



A3 



A2 



Address 



$119 



Control 

part 

address 



Data for segment display 




Display 
character 



Fig. 7-9 Allocation of ROM Pattern Area 
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$0 -> w 



$3-^X 



$1 ->B 



$7 Y 



T 



to 



M-> A 

I 

Pattern 
instruction 



(Note 1) 



1 ->D(Y) 



(Note 2) 



->D(Y) 



T 



Y+l-» Y 



(Note 3) 




BR 



Y=0 



Y^^O 



(Note 1) The latter half of blanking time. 
(Note 2) Lighting time. 

(Note 3) The first half of blanking time. 
* Adjust the time by inserting appropreate process in (Note 1 3) , 
Retain W, X, Y registers and status. 



Fig. 7-10 Flowchart of Display Tube Dynamic Drive 
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(Label) 


(OP) 


(Operand) (Coniment) 




LWI 


$0 




LXI 


$3 




LBI 


$1 


START 


LYI 




TOP 


LAM 






P 


$1 




1 Note 1 1 






SED 


Light 




1 Note 2 1 






RED 






lY 


Light out 




1 Note 3 






BR 


TOP 




BR 


START 


Fig. 7-n 


Program Listing of Display Tube Dynamic Drive 



Rl 



R2 



















X 












X 






— Blanking — 


-i —Light pulse — 



Fig. 7-12 Timing Chart 
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7.1.8 Keyboad Scan 

This program is used by calling from 
drive. 



Note 2 



of display tube dynamic 



Fig. 7-13 is a keyboad scan routine (9x4) composed of key timing signal of 
^7 ^15 pi^s ai^d input of RO port. 



Key board ^ 




1 





D7 




Dl5 

(Label) 
KEYSCAN 



KEYRET 



R9O R93 

(OP) 
LAR 
XSPY 
LYA 
LAR 
SYY 
YNEI 
BR 
ALEl 
BR 
XSPY 
RED 
BRL 

XSPY 
RTN 



The timing of D7 % D^^ has already 
specified in the display tube 
dynamic routine. (Y register) 



(Operand) (Comment) 
$9 The first INPUT 



$9 
$0 

KEYRET 
$0 

KEYRET 



JOB 



The second INPUT 
Compares 

Not the same key 
No input key 

Lights out the display 

Goes processing routine 

(JOB) having key in Y 
and A registers 



Returnes to dynamic 
display 



(Note) This program inputs data twice successively and compares then to keep 
from keyboard chattering. If two inputs agree, key is loaded and the 
program jumps to processing routine (JOB). Return to display tube 
routine by RTN instruction at the end of JOB because return address 
to display tube routine remains loaded in the stack if as it is. 
Retain W, X, Y registers and Status in the JOB routine. 



Fig. 7-13 Keyboard Scan Routine 
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7.1.9 Timer A Application Example 



Timer A Is used as follows. Its logical flowchart is shown in Fig. 7-17. 

(1) Value is set in Timer Mode Register A (TMA) . 

Timer Mode Register A is a 3-bit write-only register located at address 
$008 of RAM. 

Prescaler divide ratio is determined by contents of the register and 
generates Timer A clock pulse. Timer Mode Register A is during MCU 
reset. 

(2) Interrupt is initiated when an interrupt request occurs. 

First, reset Timer A Interrupt Request Flag (IFTA) located in bit 2 of 
$001. Then set or reset Timer A Interrupt Mask (IMTA) located in bit 3 
of $001. Set or reset Interrupt Enable Flag (l/E). 
IMTA is set to "1" and I/E to "0" during MCU reset. 

These operations determine if the system will be interrupted or not after 
Timer A interrupt request. 

(3) Timer Counter A (TCA) starts to count clock pulses generated at or after 
TMA setting. TCA is $00 during MCU reset. 

(4) The counter generates an overflow at the 256th pulse, and then starts to 
count from $00. 

(5) Overflow is latched in Timer A Interrupt Flag (IFTA) and the process is 
then performed according to the initial value. IFTA is located in bit 2 
of RAM $001. This flag is reset by software. 

(Note) The number of pulse counts immediately after setting Timer Mode 
Register A to the first overflow is indefinite. 

The followings are example of a clock using Timer A. The clock shows 
minutes and seconds. Data of $030-$033 shows lower digits and upper digits 
of seconds and minutes. Refer to Fig. 7-14. The clock is incremented every 
second and figures are counted upward as in a normal clock. 

The clock returns "0" after 59* 59", and the continues to count upwards. 
The flowchart is shown in Fig. 7-15. 
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Address 



Lower 
4 bits 

Upper^v 
6 bits 


3 


2 


1 


U 


$03 


minute 
(upper 
digits) 


minute 
(lower 
digits) 


second 
(upper 
digits) 


second 
(lower 
digits) 


$04 











Fig. 7-14 RAM Map of Clock using Timer A 



When using a 4.19MHz crystal resonator as the oscillator, the system clock 
becomes 525kHz. Clock pulse frequency is precisely set at 256Hz by setting 
the prescaler divide ratio to 1/2048. Consequently, the Timer A Interrupt 
Request Flag is set every second in this state. 

An example of the program is shown In Fig. 7-16. 
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Q START 



$0-^ A 



RAM clear (Note 1) 



(Note 2) 
(Note 3) 
(Note 4) 



$O^TMA 



0-^IMTA 



0->I/E 



NOP 



JMPL 



(Note 1) RAM clear subroutine. 

(Note 2) Sets prescaler divide 
ratio to 1/2048. 

(Note 3) Resets Timer A inter- 
rupt mask. 

(Note 4) Sets interrupt enable 
flag. 

(Note 5) Save, return subroutine. 



(Note ! 








Fig. 7-15 Flowchart of Main Routine 



Y+1->Y 
I 




Fig. 7-16 Flowchart of Timer Subroutine 



(Label) 


(OP) 


(Operand) 


(Comment) 


Main routine 


CALL 


RAMCLR 


Calls RAM clear subroutine. 




LAI 


$0 






LMAD 


$008 


Sets prescaler divide ratio. 




REMD 


$3, $0001 


Resets timer interrupt mask. 




SEMD 


$000 


Sets interrupt enable flag. 


TIMER 


NOP 








JMPL 


TIMER 




Timer subroutine 


CALL 


SAVE 


Calls save routine. 




LWI 


$0 






LXI 


$3 






LYI 


$0 






LAM 








REC 








AI 


$1 






DAA 








LMAIY 








TC 








BR 


SECH 






BR 


RET 




SECH 


LAM 








AI 


$1 






ALEI 


$5 






BR 


DISP 






LMIIY 


$0 






LAM 








REC 








AI 


$1 






DAA 








LMAIY 








TC 








BR 


MINH 






BR 


RET 




MINH 


LAM 








AI 


$1 






ALEI 


$5 






BR 


DISP 






LMID 


$0, $033 






BR 


RET 




DISP 


LMA 






RET 


CALL 


LOAD 


Calls return routine. 




REMD 


$2, $001 


Resets Timer A interrupt 








flag. 




RTNI 







Fig. 7-17 Program Listing of Timer A Application 
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7.1.10 Timer B Application Example 

Timer B is used as follows when using clock as an input. Its flowchart 
and program listing are shown in Fig. 7-18 and 7-19, respectively. 

(1) Timer B Interrupt Mask (IMTB) is set to inhibit interrupts during setting 
of each mode register. IMTB exists is located in 1 of RAM $002. It is 
set to "1", and Interrupt Enable Flag to "0" during MCU reset. 

(2) Setting of Timer Mode Register B 

4-bit Timer Mode register B (TMB) is located at $009 of RAM. First, it 
is determined whether or not the auto reload function is used by setting 
or resetting bit 3. 

Then the prescaler divide ratio and clock input source are specified. In 
the case of an external event input, specify bit 0, 1 and 2 according to 
the prescaler divide ratio. The Timer Mode Register B is not set bit by 
bit, but the set value is loaded into RAM at one time. This register is 
set to "0000" during MCU reset. 

(3) Initial value is set in lower bits (TLRO-3) of reload register located in 
$00A of RAM. 

Initial value is set in upper bits (TLR4-7) of reload register located in 
$00B of RAM. The value of reload register is $00 during MCU reset. 

(4) Timer B Interrupt Request Flag (IFTB) is reset. IFTB is located in bit 
of RAM $002. 

Timer B Interrupt Mask (IMTB) is reset. 
Interrupt Enable Flag (I/E) is set. 

(5) Overflow generated from Timer Counter B is latched into Timer B Interrupt 
Request Flag (IFTB) and the process is then performed according to 
initialization of interrupt. IFTB is located in bit of RAM $002 and is 
reset only by software. 

The following sentences describes an example of setting the interrupt 
cycle. Suppose a 50.176 (msec) interrupt cycle is generated by using a 
4MHz crystal. 8 frequency divider generates a 500kHz system clock, and 
a 1.024 (msec) prescaler output cycle is obtained by using prescaler 
divide ratio 1/512. If the value 207 is loaded into the reload register, 

1.024 X (256-207)^50.176 (msec). 

Because (207)2o"(-^^^0^^1-^)2» set (1111)2=$F in lower digits of the reload 
register and (1100) 2=$C in upper digits. 
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The flowchart and program listing are shown in Fig. 7-18 and 7-19, 
respectively. Note that the process time of this subroutine does not 
exceed 50 msec. 

(6) The contents of Timer Counter are read in twice; the lower 4 bits are 
read immediately after reading the upper 4 bits because the lower 4 bits 
are latched simultaneously when the upper 4 bits are read. 
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( MAIN } 





$1 - 


> IMTB 




1 . 


[ $9 - 


>TMB 1 




1 


1 $F - 


»TLRL 








$C TLRU 








-> IFTB 











IMTB 








1 -> 


I/E 1 












NOP 








JMPL 







Sets Timer B interrupt Mask. 

Transfers the value to Timer B Mode Register. 
Transfers the value to Lower Digits of Reload Register. 
Transfers the Value to Upper Digits of Reload Register. 
Resets Timer B Interrupt Request Flat. 
Resets Timer B Interrupt Mask. 
Sets Interrupt Enable Flag. 



Fig. 7-18 Flowchart of Timer B Application Example 



(Label) 


(OP) 


(Operand) 


(Comment) 


Main routine 


SEMD 


$1, 


$002 


Sets Timer B Interrupt Mask. 


LMID 


$9, 


$009 


Transfers the value to Timer B 








Mode register. 


LMID 


$F, 


$010 


Transfers the value to lower 








digits of reload register. 


LMID 


$c, 


$011 


Transfers the value to upper 








digits of reload register. 


REMD 


$0, 


$002 


Resets Timer B Interrupt Request 








Flag. 


REMD 


$1, 


$002 


Resets Timer B Interrupt Mask. 


SEMD 


$0, 


$000 


Sets Interrupt Enable Flag. 


TMB 


NOP 








JMPL 


TMB 




Timer B interrupt routine 








CALL 


SAVE 


Calls save routine. 




Processing 








CALL 


LOAD 


Calls return routine. 


REMD 


$0, 


$002 


Resets interrupt request flag. 


RTNI 









Fig. 7-19 Program Listing of Timer B Application 
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7.1.11 Serial Interface Application Example 

Serial interface is used as follows. 

(1) Data transfer (prescaler divide ratio: 1/128) 

Fig. 7-20 shows the data transfer routine. The program listing is shown 
in Fig. 7-21. 



MAIN 3 



IMS 



SRL 



M -> A 

I 



A -> SRU 

I 



$1 PMR 



$A 



SMR 



> IFS 



IMS 



I/E 



STS Instruc- 
tion 



Sets serial interface interrupt mask. 
Transfers the contents of RAM to accumulator. 

Transfers the contents of accumulator to lower bits 
of serial data register. 

Transfers the contents of RAM to accumulator. 

Transfers the contents of accumulator to upper bits of 
serial data register. 

Sets Ri^2^^^ P^^ SO output pin. 

Internal clock specifies prescaler divide ratio to 1/128. 
Resets serial interface interrupt flag. 
Resets serial interface interrupt mask. 
Sets interrupt enable flag. 
Serial interface start instruction 



Fig. 7-20 Data Transfer Routine 



After STS instruction, 8-bit data is transferred from R42/SO pin synchro- 
nously with pulse output from R^q/SCK pin. IFS is then set and interrupt 
vector occurs. If the program does not need to jump to an interrupt routine, 
set IMS or reset I/E before executing STS instruction. 
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Main routine 


(OP) 


(Op 


Brand) 


(Comment) 




SEMD 


$1, 


$003 


Sets serial interface interrupt mask. 




LAMD 




$030 


Transfers the contents of RAM location 
$030 to accumulator. 




LMAD 




$006 


Transfers the contents of accumulator to 
SRL. 




LAMD 




$031 


iransxers une couLeriLfa ui ivmi xucdcxuii 
$031 to accumulator. 




LMAD 




$007 


Transfers the contents of accumulator 
to SRU. 




LMID 


$1, 


$004 


Loads the value of $1 into PMR (SO). 




LMID 


$A, 


$005 


Loads the value of $A into SMR. 




REMD 


$0, 


$003 


Resets IFS. 




REMD 


$1, 


$003 


Resets IMS. 




SEMD 


$0, 


$000 


Sets I/E. 




STS 






Starts serial interface operation. 



Fig. 7-21 Program Listing of Data Transfer 

(2) Data reception (external clock) 

Fig. 7-22 and Fig. 7-23 are flowchart and program listing of data 
reception respectively. 



Q MAIN } 



1 


IMS 


1 


$2 -> 


PMR 


1 


$F 


SMR 


1 


-> 


IFS 


1 





IMS 




1 


I/E 




STS. In St rue- 1 
tion 1 



Sets serial interface interrupt mask. 
Programs R4-l/SI pin as SI pin. 
Specifies external clock mode. 
Resets serial interface interrupt flag. 
Resets serial interface interrupt mask. 
Sets interrupt enable flag. 
Serial interface start instruction. 



Q END ^ 
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Fig. 7-22 Flowchart of Data Reception 



/lnter;rup?\ 
V serviced 



Error .check 
routine 



Save routine 



Processing 



Return routine 



IFS 



Confirms error occurrence. 
Saves registers. 
Interrupt service. 

Restores registers. 

Resets serial interface interrupt flag. 



Fig. 7-22 Flowchart of Data Reception 



Main routine (OP) 


(Operand) 


(Comment) 


REPEAT SEMD 


$1, 


$003 


Sets IMS. 




T MTfi 


$2. 


$004 


Loads $2 into PMR. (SI) 


LMID 


$F, 


$005 


Loads $F into SMR. (external clock) 


REMD 


$0, 


$003 


Resets IFS. 




REMD 


$1, 


$003 


Resets IMS. 




SEMD 


$0, 


$000 


Sets I/E. 




STS 






Starts serial interface operation. 


Interrupt routine 










SEMD 


$1. 


$003 


Sets IMS. \ 




REMD 


$0, 


$003 


Resets IFS. 




LMID 


$F, 


$005 


Loads $F into SMR. 


Error check 


TMD 


$0, 


$003 


Tests IFS. 




BRL 


REPEAT 


/ 




CALL 


SAVE 


Calls save routine. 






Processing 


Interrupt service. 




CALL 


LOAD 


Calls return routine. 




RTNI 











Fig. 7-23 Program Listing of Data Reception 
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7.2 ALU (Arithmetic Logic Unit) and Decimal Adjust Instruction 

ALU basically consists of a binary adder. The block diagram of ALU is 
shown in Fig. 7-24. 



S2 bus SI bus Y 




AND (Micro inst.) 
OR (Micro inst.) 
EOR (Micro inst.) 



Binary Adder 



OA (Carry) 
■ +1 (Micro inst.) 



Result OVF (Overflow) 



Fig. 7-24 ALU Block Diagram 



When the addition of two or more digits is performed, OVF (Carry) is 
latched in CA and is put into the ALU at calculation of the next digit. 

Subtraction is performed by using the inverse input on the bus S2. That 
is, calculation SI - S2 is performed by the operation: SI + S2 + 1. But in 
this case, OVF means no borrow. 

When the subtraction of two or more digits is performed, OVF (that is, no 
borrow) should be latched in CA. In this case, the second calculation is 
performed by the operation: SI + S2 + CA. 

The following example shows the addition of 12-bit data. 



(159)h + (26A)h = (3C3)h 

0001 0101 1001 (159)h 

+) 0010 0110 1010 (26A)h 

0011 01011 10011 

+) CA^ ^ 

0011 ^ 1100 ^X BOOII (3C3)h 

(3C3)h - (159)h = (26A)h 

0011 1100 0011 (3C3)h 

+) 1110 1010 0110 (159)h 

10001 10110 01001 

+) CA^ CA^ GA 1 

0010 "TDOllO "^©1010 (26A)h 

(NOTE) H means hexa-decimal number. 
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Decimal Calculation 

Decimal addition/ subtraction using binary-coded decimal (BCD) is performed by 
the combination of binary addition/subtraction and decimal adjust instruction. 
The decimal adjust instruction performs the adjustment of Accumulator and 
CA according to their contents. 



Decimal addition 



One digit 



1 



Binary addition 



Decimal Adjust (Addition) 




Decimal subtraction 



One digit 



Binary subtraction 



Decimal Adjust (Subtraction) 




A^IO or CA=1 
A + 6-^A 

l^C(CA) 
A<10 and CA=0 

A,CA: unchanged 
A^IO or CA=0 
A + 10->A 
0-> CA 
A<10 and CA=1 
A,CA: unchanged 



For example, 

169+245=417 





0001 


0110 


1001 


169 


+) 


0010 


0100 


1000 


248 




00011 


01010 


10001 




+) 


CA 


CA 


CA <- 






ooioo\ 


0101l\ 


10001 




+) 




0110 


\ Olio 






0100 


00001 


fe)0111 


417 


417- 


-159=243 










0100 


0001 


0111 


417 


+) 


1110 


1001 


Olio 


W 



Binary addition 



Decimal Adjust 
(Addition) 





10010 


01010 


01101 


+) 


CA 


CA 


CA ^ 1 




iooio\ 


01010 


•:o;iioi 


+) 




\ 1010 


1010 




10010 


^0100 


1000 



248 



Binary subtraction 



Decimal Adjust 
(Substraction) 
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7.3 AppTiGation of Logical Operation 

Examples of bit manipulation of the data using logical operation 
instruction are as follows. 

(1) Resets the least significant bit of the data latched in Rl port. 
Fig. 7-25 is the flowchart. 



Q START ) 



$E 


M 


1 


Rl 


A 


1 


M A 


A 




A 


Rl 



Sets $E into memory. 

Transfers the contents of Rl port (latch) to 
accumulator. 

Performs logical AND operation between memory and 
accumulator, and transfers the result to accumulator. 

Transfers the contents of accumulator to Rl port 
(latch). 



( END ) 



If Rl=$5, 

The contents of memory 1110 
The contents of accumulator 0101 



MTIA 



0100 



■Only the least significant 
bit is reset 



Fig. 7-25 Flowchart Using Logical and Operation 
(2) Sets the least significant bit of the data latched in Rl port. 
Fig. 7-26 is the flowchart. 



START ) 



$1 




M 


1 


Rl 


— > 


A 


1 


MUA 




A 


1 


A 




Rl 



Sets $1 into memory. 

Transfers the contents of Rl port (latch) to 
accumulator. 

Performs logical OR operation between memory and 
accumulator, and transfers the result to accumulator. 

Transfers the contents of accumulator Rl port 
(latch). 



If 



( END } 
Rl=$4 

The contents of memory 

The contents of accumulator 



0001 
0100 



MUA 



0101 



-Only the least significant bit 
is set 



Fig. 7-26 Flowchart Using Logical OR Operation 
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(3) Tests the most significant bit of the data latched in Rl port. 
Fig. 7-27 is the flowchart. 



START 3 



$8 


M 


1 


Rl ^ 


A 


1 


1 M A -+ 


A 


1 


Branch in 
struction 





Loads $8 into memory. 

Transfers the contents of Rl port (latch) to 
accumulator. 

Performs logical AND operation between memory 
and accumulator. 



No 



Yes 




Branch 



Not branch 



C END ) 

If Rl=$5, 

The contents of memory 1000 

The contents of accumulator 0101 

MTIA 0000 ST (status) 



Consequently program does not branch because ST=0. 

i 

I The value of the most significant bit of Rl port is 0. | 



Fig. 7-27 Flowchart Using Logical and Operation 

7.4 Checking Operation Frequency 

Connecting TEST pin to GND causes D^ pin to output pulse. The cycle of the D^ 
pin is eight times as that of OSCi pin. Connect external pull-down resistor if 
I/O circuit type of D5 pin is not "no pull-down MOS" S shown in Fig. 7-28. 

The method in Fig. 7-28 may be inconvenient after the MCU has been 
built into a system since it operates in test mode. 
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Clock 



<> RESET 
MCU 



Fig. 7-28 Recommended Wiring to Check Operation Frequency 
7.5 Watchdog Timer - System burst preventing circuit- 

A simple method of implementing the watchdog timer which is generally 
known as a means of recovery from a system problem is described below. 

(1) Basic circuit 

Fig. 7-29 shows the basic circuit of the watchdog timer. 



Vcc 



Alive 
Pulse 




7€> 



cc 



RES 

Microcomputer 
Port 



Monostable 

IRESET circuiti Multi-vibrator 



Fig. 7-29 Basic Circuit of Watchdog Timer 



(2) Operation out! ine 

(a) System software should be designed to generate a pulse through the 
port within a predetermined period (T<RC) once the program is normally 
executed. 

(b) When the system is deadlocked or operates outside its normal routes, 
the system does not present port output change (i.e. it does not 
generate an active pulse), so that the potential of the ® point 
increases and the microcomputer is reset. 

(c) It is necessary to preset the RC at a value above the maximum value 
among all the routes that can exist in normal operation. RC is set 
to greater than 10 ms in Fig. 7-30, 
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® 



C START J 

T 

INITIALIZE 

T 



Pass (a) : 5 ms + 2 ms=7 ms 
(b) : 5 ms + 5 ms=10 ms 
© : 7 ms 
- Preset as the pass (5)- 10 ms RC 



Alive Pulse 
Qfig^g . 

^Decision^ 




® 



I JOB C |2 ms max [ | JOB ^^l^^ 



5 ms max ©\ | JOB A*^ ? ms max 



Fig. 7-30 Flowchart of Watchdog Timer 



7.6 Auto Reset Circuit 

Reset circuit which can perform power-on reset and auto reset at ^qq^^jt^ 
will be explained below. (Vl^J Threshold level) 

(1) Basic circuit 

Fig. 7-31 shows the basic auto reset circuit. 



vcc 

Q 



T 



CC 

Q 



TfT TTT ifr 

(a) 



HA17903 




to the 
RESET pin 

iCx HD74LS14 



(b) 



Fig. 7-31 Basic Auto Reset Circuit 
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(2) Operation 

(a) Power-on Reset 

Since Vout in the circuits of Fig. 7-32 is pulled up by R^, is 
charged. The Vout rising time is determined by the charge time 
(C. X R.). Thus the power on reset is applied. 





' vcc 




















t 


'vCixRi 



Fig. 7-32 Vout in Power-On Reset Circuit 



(b) Auto Reset 

The auto reset operation of the basic circuits (a, b) in Fig. 7-31 is 
explained below. 

(i) Since the voltage V21 and Vpi applied to ZD^ and are constant 
even if Vqq changes, the Vout changes, the Vout level is as 
follows: 

Vout=Vcc if Vcc>Vzi + Vpi 

Vout=GND if Vcc<Vzi + Vpi 
(ii) Since the voltage V22 applied to ZD2 and the ON level Vp2 of Tr^ 

are constant even if the Vqq changes, the Vout level is as follows: 

Vout=Vcc if Vcc>Vz2 + 

Vout=<;ND if Vcc<Vz2 + Vp2 
When the V^^ changes, threshold level can be changed by executing 
the Zener diodes ZD^ with ZD2. 

(c) By feeding back the output signal to the RESET pin and fine tuning 
the reference voltage, and by providing hysteresis to the Vy^^ during 
the shifting from operation to resetting and the ^iy[2 the time of 
recovery, the auto reset function becomes more stable. Refer to 
Fig. 7-33. 



\ 


^ Vcc 


VLM 














(Threshold 
voltage) 


Vout- 













Fig. 7-33 Vout in Auto Reset Operation 
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7.7 Manual Reset Circuit 

When the MCU is reset by an external switch, steps must be taken to prevent 
chattering. The reset circuit shown in Fig. 7-34 can prevent chattering and 
provide power on reset. 

(1) Basic circuit 

The basic circuit for manual reset is shown in Fig. 7-34. 









\ f '•'^^>o-^>H>o^''^ To the RESET pin 
HD74LS14 



Fig. 7-34 Basic Manual Reset Circuit 



(2) Operation 

(a) Power on reset 

During power-up, capacitor C will be charged and Vin rising time is 
determined by the OR charge time as shown in Fig. 7-35. The MCU can 
thus be reset normally. 



V Vcc 




t=CxR 



Fig. 7-35 Vin of Power-on Reset Circuit 

(b) Manual reset 

When SW is on, Vout is equal to Vcc and the MCU is reset. When SW is 
off, capacitor C is charged, and the rising time of Vin is determined 
by the CR charge time. Chattering is prevented by capacitor C and the 
HD74LS14 Schmitt trigger. Refer to Fig. 7-36. 




® When SW goes from OFF to ON, 

Vout^Vcc if Vin<0.8V 
® When SW goes from ON to OFF, 

Vout=Vcc if Vin>1.6V 



Fig. 7-36 Manual Reset Timing 
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7.8 Serial Data Transfer between HMCS402/404/408 and Other MRUs 

The routine shown in Fig. 7-37 describes serial data transmission/ 

reception between the HMCS402/404/408 and other MPU s and storing the data in 
RAM. Hardware configuration available for this routine is shown in Fig. 7-38. 



HMC S402/40 4/408 

Alain A 
y^routine/ 



STS instruction 
(receive 1 byte) 



Interrupt 
routine 



/Interrupts 
yroutiney 




SRL 


A 


A 


M 


SRU 


A 


A 


M 



Return 
registers 



When READY /ERROR signal 
is transmitted within 
certain time from other 
MPU, the system judges that 
error occurs during trans- 
mission and returns to 
initialization of the main 
routine and waits for the 
next READY signal. 




Fig. 7-37 Serial Data Transfer Routine 



SCK 


(R40) 


SI 


(R41) 


SO 


(R42) 


READY/ 


(R43) 


ERROR 





CLOCK 
SO 

SI 

READY /ERROR 



HMCS402/404/408 



MPU 



Fig. 7-38 Example of Connection Between HMCS402/404/408 and Other MPU 
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7.9 Reversing a String of Transmit/Receive Data in a Serial Interface (LSB-MSB) 

Serial interface for the HMCS402/404/408 is shown in Fig. 7-39. Data is 
input to the serial data register LSB first through the SI pin synchronously 
with the rising edge of the transfer clock, while data is output from the 
serial data register LSB first synchronously with the falling edge of the 
transfer clock. 

When serial data transfer is performed between the HMCS402/404/408 and 
other MPUs, the string of data in the serial data register must be reversed 
(LSB - MSB) if their data formats are different. Programs for data string 
conversion of the serial data register are shown in Fig. 7-40 and described 
as follows. 



INTERNAL BUS LINE 

7\ 



SCK 



MSB 














LSB 



-©SO 



SRU SRL 
SERIAL DATA REGISTER 



Fig. 7-39 Serial Interface for the HMCS402/404/408 



When MSB is transmitted first from another MPU to the HMCS402/404/408, the 
data string input into the serial data register can be reversed using the 
pattern instruction. Pattern data is provided by the DC control instruction. 
First, the order of bits in the serial data register are reversed by conversion 
program (a), storing the data in memory (MD) . Next, by executing program (b), 
this rearranged data is loaded from memory to the SDR in the correct bit 
significance order. The pattern data provided for ROM in the above case is 
shown in Fig. 7-41. 
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SRU ($007) 



SRL ($006) 



Other MPU- 



1 — 1 r 



LSB 



MSB 



Program (1) 



Program (2) 



MSB 



LSB 



^ . I L. 



Serial data register 



Memory 



MD ($010) 



MD ($011) 



Fig. 7-40 LSB - MSB Conversion 



(a) Serial data program for 
conversion to memory 



LBI 

LAMD 

P 

LMAD 
LAMD 
P 

LMAD 



$006 (SRL) (3) 
© 
$011 (D 
$007 (SRU) 


$010 



(b) Memory program for conversion 
to serial data register 



LBI 

LAMD 

P 

LMAD 
LAMD 
P 

LMAD 



1 

$011 


$006 (SRL) 

$010 



$007 (SRU) 



Program example (a) is explained as follows. 

(1) Another MPU transmits serial data $E5 MSB first to the HMCS402/404/408 . 

(2) $E5 is input to the HMCS402/404/408 serial data register in reverse bit 
order. 

The real SRL is loaded into A (Accumulator) from $7 because of this 
reverse byte order. 

After executing the pattern instruction (p) , $E and $0 are loaded into A 
and B, respectively, since the specified address is $0017 at this time. 
The contents of A are stored in memory. 

^) Processes the real SRU in the same way as (J) to ® . 

Q) Consequently the bit order is reversed and stored in memory correctly. 
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ADDRESS 
( 
) 

$0010 


ROM 


100 


$0011 


108 


$0012 


104 


$0013 


IOC 


$0014 


102 


$0015 


lOA 


$0016 


106 


$0017 


lOE 


$0018 


101 


$0019 


109 


$001A 


105 


$001B 


lOD 


$001C 


108 


$001D 


lOB 


$001E 


107 


$001F 


lOF 



s 



Fig. 7-41 Pattern Data 
7.10 Expansion of Input Ports 

The number of MCU input ports can be expanded using the HD14021B 
(8-bit Static Shift Register) as shown in Fig. 7-42. 



Co 

HMCS400 Ci 
Family MCU 

C2 
C3 




HD14021B 
P/S Pi 

CK ^2 
P3 

Q8 

P4 




































HD14021B 
P/S ^1 
CK ^2 

Q8 











Fig. 7-42 Expansion of Input Ports 
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The number of total input pins depends on the number of HDlA021Bs. Thus, 
the number of I/O lines in a system can be multipled as shown in Table 7-3. 



Table 7-3 Expansion of I/O Pin 



The number of the 


The number of I/O 


HD14021BS 


lines in a system 





58 


1 


63 


2 


70 


3 


77 



7.11 A/D Conversion Circuit (I) - High speed version 

Implementing a simple A/D conversion (analog-digital conversion) using a 
resistance ladder (R-2R system) is described in this section. 

(1 ) Basic Circuit 

The A/D conversion basic circuit and timing chart are shown in Fig. 7-43 
and 7-44, respectively. 



Microcomputer 




X CMOS 
HD 14050 



Fig. 7-43 A/D Conversion Basic 
Circuit 



vref»(?-^- -^^-^^-^ ^=yf«i5?t°"^^ 



Necessary number of 
port=Accuracy bit+l 



Vout «0 : VinS;VREF 
Vout = 1 : Vin > VreF 



Vref 
-T 



Vout )- 
■ 0' I 



Fig. 7-44 Timing Chart 



(2) Operation 

(a) to (c) describes a circuit for 3-bit accuracy. 

(a) Digital outputs (D3, D2, T>i) range from (1, 1, 1) to (0, 0, 0) at the 



ports . 



^REF 



is reduced from 7/8 V to in 1/8 V decrements as shown in 



Table 7-4. 

(b) Output Vout, which is the result of comparison between the analog input 
Vin and Vp^gp, is reversed from to 1 when Vin is greater than Vj^p as 
shown in Fig. 7-44. 
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(c) The value of (D3, D2, D^) when Vout is reversed from to 1 is a 
digital value corresponding to the analog input Vin as shown in 
Fig. 7-45. 



Table 7-4 Value of Vref 



D3 


D2 


^1 


Vref 




















1 


1/8XV 





1 





2/8xV 





1 


1 


3/8XV 


1 








4/8XV 


1 





1 


5/8XV 


1 


1 





6/8xV 


1 


1 


1 


7/8xV 



Di to D3 are denoted by "1" or "0" 
V: Voltage of the port output "1" 



Q START ) 



(D3,D2,Di)=(l,l,l) 




Yes 



Deduct 1 from (03,02, Dj^) 



The value of (D3,D2,Di)is 
digital value of Vin 

I 



( END ) 



Fig. 7-45 Flowchart to Obtain Digital Value of Vin 
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7.12 A/D Conversion Circuit (II) - Low speed version 

An A/D conversion system utilizing the time for charge /discharge of a OR 
circuit is explained in this section. This system is applied when high speed 
A/D conversion is not needed. 

(1) Basic Circuit 

An A/D conversion basic circuit of low speed version and the timing chart 
are shown in Fig. 7-46 and 7-47, respectively. 



Analog 
input 



Operation amplifier 

HA 17902 



Microcomputer 



vref 



Number of 

port required = 2 




TO : Timer Interval 



Fig. 7-46 A/D Conversion Basic Fig. 7-47 Timing Chart 

Circuit 



(2) Operation 

(a) Set the output at A of the port to 1, and discharge external capacitor 
C sufficiently. Then switch A from 1 to synchronously with the timer 
interrupt, and charge capacitor C. Refer to Fig. 7-46. 

(b) Check Vout every timer interrupt to observe the time T when Vout 
switches from 1 to 0. Vout becomes when Vin is less than Vj^gp. T 
is obtained as T=TO x n, where n represents the number of timer 
interrupts and TO represents the timer interval as shown in Fig. 7-47. 

(c) The obtained time T which is voltage converted is a digital value of the 
analog input Vin as shown in Fig. 7-48. 
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( START ) 



Port counter 
initialize 




C END ) 



A/D conversion 
subroutine 



Timer interrupt 





Yes 


Time ^voltage 

conversion 







Q Timer ^ Timer routine 



Add +1 to 
the counter 




Set conversion 
end flag 

RTN ) 



Fig. 7-48 Flowchart to Obtain Digital Value of Vin 



7.13 Fluorescent Display Tube Drive Appl ication (I) HMCS402/HMCS404/HMCS408 

In the HMCS400 series, a fluorescent display tube can be driven by software 
using a display controller. This section explains how to drive a fluorescent 
display tube by timer B interrupt service routine. 

Fluorescent display is performed by outputting grid signals (1G-7G) from 
pins Dg-D^^ and outputting segment signals (a-h) from pins RoC^OS* ^10"^13* 

Front view of the FL display tube is shown in Fig. 7-49, its specifications 
in Table 7-5, and an application of it is in Fig. 7-51. RAM map for FL display 
is shown in Fig. 7-50. 

Grid and segment are selected by utilizing RAM area (for display) and the P 
instruction twice. D port is addressed by the value of GRID NO ($0C0) and 
outputs the grid signal. Segment signal is output from ports Rq and R^j^ through 
A register and B register. 

(1) CODE data display 

The value set in the display area is loaded into A register. Then segment 
data is loaded into A register and B register by executing the second P 
instruction. The segment signal is obtained by outputting the register value 
from Rq and R-j^ ports. 
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(2) Bit data display 

The value set in the display area is loaded in A register and B register. 
Segment signal is output from Rq and Rji ports in the same way as CODE data 
display. 

Intensity of the FL display tube is adjusted by resetting D port during 
(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine. 
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,1st 2ndi SUN 
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AM 
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6G 
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n 
u 



THU 
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u 



T 



4G 



3G 



2G 



FRI 



SAT 



CH 
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END 



IG 



-c 
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Fig. 7-49 FL Display Tube Front View 
Table 7-5 FL Display Tube Specification 



Microcomputer* s 


Rl3 


^12 


Rll 


Rio 


R03 


R02 


Roi 


Roo 


Ports 


FL 


a 


b 


c 


d 


e 


f 


g 


h 


D9 


IG 




COLON 


TUE 


END 


ERROR 


CH 


FRI 


SAT 


DIO 


2G 


a 


b 


c 


d 


e 


f 


g 


THU 


Dll 


3G 


a 


b 


c 


d 


e 


f 


g 


WED 


D12 


4G 


a 


b 


c 


d 


e 


f 


g 


MON 


D13 


50 


a 


b 


c 


d 


e 


f 


g 


SUN 


D14 


6G 






PM 


AM 


ON 


OFF 


1st 


2nd 


D15 


7G 


a 


b 


c 


d 


e 


f 


g 


PRG 
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GRIDNO: Area for storing pin No. of D port outputting High level to light 
the FL display tube. 

Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRIDS , and 
GRID7 in terms of BCD. "A" will be set in them to light out. As for other 
area, to light, set the corresponding bit, and to light off, reset it. 



Fig. 7-50 RAM Map for FL Display 
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Program Listing (1 ) 



*t^*i^m****»i>***m0*m***** ******** *********** 



TIMER-B INTERRUPT ROUTIN 



*mttiiti**^*^^im********************* ********* 



REGISTER SAVE 



REMD IFTB.$0 2 
LAST GRID RESET 




FLDRIVE3 
$F 

FLDRIVE4 



288 HITACMI 



Program Listing (2) 



FLDRIVE2 lY 
LBA 
LAM 

FLDRIVE3 LXI $D 
TM $0 
SEC 

BR FLDRIVE4 
REC 

FLDRIVE4 ROTL 

LRA $0 
LRB $1 

4>*i|iitii(>4ti|ii|i4titi>|i«**«4ii|i*«*itii(>*4t>|i««*4<4(«it>>tc*4>4i4>4t)t>4i)|i 

* GRID ON * 

■Ii«4i«i|c*i(i*4i>|i4i4t4i4i4t4i4ii|i4t*>ti*>ti*i|>4t4>)»4t*4i*>f4>**4(>tc«)ti« 

LAMD GRIDNO 

LYA 

SED 



REGISTER RESTORE 



RTNI 
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Program Listing (3) Pattern area 



i|i**i|i«****«i|i4i**««4i««i|i***4c«i|i«i|i*)|c*4i)|i**)ti»iti>ti4>*«4i**4ii|i«*4i)|i4i4i 

* SEGMENT PATTERN DATA ♦ 



DRG 


$FEO 




DC 


$1F6 





DC 


$160 


1 


DC 


$1D5 


2 


DC 


$1F1 


3 


DC 


$163 




DC 


$1B8 


5 


DC 


$ 1 3 7 


6 


DC 


$ lEO 


7 


DC 


$1F7 


8 


DC 


$1E3 


9 


DC 


$100 


BLANK 


DC 


$000 


UNDEFINDED 


DC 


$0 00 


UNDEFINDED 


DC 


$000 


UNDEFINDED 


DC 


$0 00 


UNDEFINDED 


DC 


$0 


UNDEFINDED 



♦ GRID DATA ADDRESS PATTERN AREA * 



ORG 


$FF9 




DC 


$109 


GRID7 


DC 


$117 


GRID6 


DC 


$106 


GRID5 


DC 


$105 


GRID* 


DC 


$104 


GRIDS 


DC 


$108 


GRID2 


DC 


$111 


GRIDl 



SWl 




® ® 

TDK 
Converter 
Unit 

® ® 



C2 



@Vcc 
©GND 



Rai /Vdisp 



RESET TEST 
@ @ 



USW2 T^6 



^CC 



FLOURESCENT DISPLAY 



FUTABA 8-MT-06ZYK 



} PGM 

@'f ri 



list 2ndi 

ON OFF! 
AM 
PM 



SUN 

C 



MON iTUE! WED 



J 



n 
u 



1 J j__ 



THU 

n 
u 



FRI SAT 
CH 

ERROR 
END 



abcdefgh 



7G 6G 5G 4G 3G 2G IG 

(5) (9) @ @ ® @ @ 



@@@@(9)®®® (5) ® ® ® ® @ @ 

Ri3 Ri2 Rii Rio Ro3 Ro2 Roi Rqo D14 D13 D12 d^ Diq D9 

HMCS402/404/408 

^62^61^60 R53 R52 R5I R50 

@@ @ @ @ @ @ 



— Wv-^ 



7/ 



•R2 



4/ 
1/ 
0/ 



8/ 



5/ 



2/ 



./ 



9/ 



6/ 



3/ 



,/ 



A ;i ;l 




FUNCTION KEY 



Fig. 7-51 Application of FL Display Tube Drive 



7.14 Fluorescent Display Tube Drive Application (II) HMCS412/HMCS414 

In the HMCS400 series, a fluorescent display tube can be driven by software 
using a display controller. This section explains how to drive a fluorescent 
display tube by timer B interrupt service routine. 

Fluorescent display is performed by outputting grid signals (1G-7G) from 
pins D8-D14 and outputting segment signals (a-h) from pins Roo~Ro3> %0"^13* 

Front view of the FL display tube is shown in Fig. 7-52, its specifications 
in Table 7-6, and an application of it is in Fig. 7-54. RAM map for FL display 
is shown in Fig. 7-53. 

Grid and segment are selected by utilizing RAM area (for display) and the P 
instruction twice. D port is addressed by the value of GRID NO ($0C0) and 
outputs the grid signal. Segment signal is output from ports Rq and Rj^ through 
A register and B register. 

(1) CODE data display 

The value set in the display area is loaded into A register. Then segment 
data is loaded into A register and B register by executing the second P 
instruction. The segment signal is obtained by outputting the register value 
from Rq and R-|^ ports. 

(2) Bit data display 

The value set in the display area is loaded in A register and B register. 
Segment signal is output from Rq and R^^ ports in the same way as CODE data 
display . 

Intensity of the FL display tube is adjusted by resetting D port during 
(i) Timer B interrupt cycle, (ii) Timer B interrupt service routine. 
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Fig. 7-52 FL Display Tube Front View 



Table 7-6 FL Display Tube Specification 



Microcomputer's 


R 13 


Rl 2 


R.i 


Rio 


Ros 


Ro2 


Roi 


Roo 


Port 


F L 


a 


b 


c 


d 


e 


f 


g 


h 


D 8 


IG 




COLON 


TUE 


END 


ERROR 


CH 


FRI 


SAT 


D 9 


2G 


a 


b 


c 


d 


e 


f 


g 


THU 


D 1 


3G 


a 


b 


c 


d 


e 


f 


g 


WED 


D 1 1 


4G 


a 


b 


c 


d 


e 


f 


g 


MON 


D 1 2 


5G 


a 


b 


c 


d 


e 


f 


g 


SUN 


D 1 3 


6G 






PM 


AM 


ON 


OFF 


1st 


2nd 


D 1 4 


7G 


a 


b 


c 


d 


e 


f 


g 


PRG 
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GRI DNO 



GRI D 1 L 



COLON 



TUE 



END 



GRI D IH 



ERROR 



CH 



FRI 



GR I D 2 



GR I D 3 



GRI D4 



GRIDS 



GR I D 6 L 




PM 



AM 



GRI D 6H 




ON 



OFF 



1st 



GRID? 




\ f V 



Not Used 

(0) 



bit 3 bit 2 bit 1 bit 

GRIDNO: Area for storing pin No. of D port outputting High level to 
light the FL display tube. 

Decimal number to be displayed is set in GRID2, GRID3, GRID4, GRIDS, and 
GRID7 in terms of BCD. "A" will be set in them to light out. As for other 
area, to light, set the corresponding bit, and to light off, reset it. 



Fig. 7-53 RAM Map for FL Display 
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Program Listing (1) 



TIMER-B INTERRUPT ROUTIN 



REGISTER SAVE 



REMD IFTB.$0 2 

* LAST GRID RESET ♦ 

LAMD GRIDNO 

LYA 

RED 

* FL DRIVE ♦ 
At>iif****************** ************** nf**** 



AI 

ALEI 

BR 

LAI 

FLDRIVEl LMAD 
LBI 



LWI 

LXI 

LYA 

DB 

LBI 

LAM 

BR 

P 

BR 



$1 
$E 

FLDRIVEl 
$8 

GRIDNO 
$F 
$F 



A:FL DATA AREA X REG 
B o:CODE i:BIT 



$0 

$c 



$E 

FLDRIVE3 
$F 

FLDRIVE4 
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Program Listing (2) 



lY 
LBA 
LAM 

LXI $0 
TM $0 
SEC 

BR FLDRIVE5 
REC 
ROTL 

LRA $0 
LRB $1 
*m**m*iit*m*******i^*4i*** ******************* 

♦ GRID ON ♦ 

***************************************** 

LAMD GRIDNO 

LYA 

SED 



REGISTER RESTORE 



RTNI 



FLDRIVE3 



FLDRIVE4 



FLDRIVE5 
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Program Listing (3) Pattern Area 



♦ SEGMENT PATTERN DATA ♦ 



ORG 


$FEO 




DC 


$1F6 





DC 


$160 


1 


DC 


$1D5 




DC 


$1F1 


3 


DC 


$163 


4 


DC 


$1B8 


5 


DC 


$137 


6 


DC 


$1E0 


7 


DC 


$1F7 


8 


DC 


$1E3 


9 


DC 


$100 


BLANK 


DC 


$000 


UNDEFINDED 


DC 


$000 


UNDEFINDED 


DC 


$000 


UNDEFINDED 


DC 


$000 


UNDEFINDED 


DC 


$000 


LM)EFINDED 



♦ GRID DATA ADDRESS PATTERN AREA ♦ 



ORG 


$FF9 




DC 


$109 


GRID7 


DC 


$117 


GRID6 


DC 


$106 


GRIDS 


DC 


$105 


GRID4 


DC 


$104 


GRID3 


DC 


$103 


GRID2 


DC 


$111 


GRID! 
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Fig. 7-54 Application of FL Display Drive 



8. USER NOTES 

8,1 Precautions on Using W Register 

(1) In register indirect addressing (RAM addressing), the contents of W 
register are used for specifying RAM addresses. However, saving the contents 
of W register in a calling routine or an interrupt service routine is not 
simple because the W register is a write only register. 

The contents of W register should be saved before an interrupt routine is 
invoked and restored just before its return. However, as the contents of W 
register cannot be read and saved, the identical contents of W register must 
be stored in RAM. The contents of W register can then be restored with the 
LWI instruction at the end of the interrupt service routine. This procedure 
is shown in Fig. 8-1. 

However, this procedure is not efficient because of (a) the increase in 
the number of steps and processing time, and (b) possible problems in program 
debugging. (Program error may not be found depending on the address interrupt 
is serviced. For example, if interrupt is not inhibited when changing the 
contents of W register, error cannot be found without interrupt servicing at 
this address.) 

(2) Consequently, the following procedure is recommended for not saving the 
contents of W register in a calling routine and interrupt service routine, 
and to prevent a situation which the contents of W register are unrecoverable. 

(a) Set the contents of W register to $0. 

Write $0 into W register at MCU reset and leave it unchanged from then 
on. In this case, register indirect addressing instruction (W,X,Y 
registers) can access the range from $000 to $OFF in RAM. When 
accessing the range from $100 to $3FF in RAM, use direct addressing 
instructions . 

(b) Use only direct addressing in an interrupt service routine. 

In the interrupt enable state with W register = $0, leave the value of 
W register unchanged during an interrupt service routine, and do not 
use register indirect addressing instructions. 
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Interrupt 
inhibit 






►RAM 




$3- 


-> W 






Interrupt 
enable 







RAM=3 




$3- 


-> W 






RTNI 



RAM=2 




$2-> W 



RTNI 



RAM=1 




$1- 


-> W 






RTNI 



$0 w 



RTNI 



Fig. 8-1 Change of the Contents of W Register (Change to $3) 



8.2 Precautions regarding the Contents of RAM and Registers after Reset 

The MCU is reset by setting RESET pin to 1 . At power ON in recovering 
from stop mode, apply RESET input longer than t^Q to obtain the necessary time 
for oscillator stabilization. In all other cases, MCU reset requires at 
least two-instruction cycles of RESET input. 

Table 8-1 shows the items to be initialized by MCU reset and their initial 
values. 
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Table 8-1 Initial Value by MCU Reset 



Items 


Initial value by 
MCU reset 


Contents 


Program counter (PC) 


$0000 


Execute program from the top of ROM address. 


Status (ST) 


"1" 


Enable to branch with conditional branch instructions. 


Stack pointer (SP) 


$3FF 


Stack level is 0. 


I/O pin 

output register 


Standard pin 


(A) Without pull- 
up MOS 


"1" 


Enable to input. 


(B) With pull-up 
MOS 


"1" 


Enable to input 


(C) CMOS 


"1" 


_ 


High voltage 
pin 


(D) Without pull- 
down MOS 


"0" 


Enable to input. 


(E) With pull- 
down MOS 


"0" 


Enable to input. 


Interrupt flag 


Interrupt Enable Flag (l/E) 


"0" 


Inhibit all interrupts. 


Interrupt Request Flag (IF) 


"0" 


No interrupt request. 


Interrupt Mask (IM) 


"1" 


Mask interrupt request. 


Mode register 


Port Mode Register (PMR) 


"0000" 


See Item "Port Mode Register". 


Serial Mode Register (SMR) 


"0000" 


See Item "Serial Mode Register". 


Timer Mode Register A (TMA) 


"000" 


See Item "Timer Mode Register A". 


Timer Mode Register B (TMB) 


"0000" 


See Item "Timer Mode Register B". 


Timer/Counter, 
Serial interface 


Prescaler 


$000 




Timer/Counter A (TCA) 


$00 




Timer/Event Counter B (TCB) 


$00 




Timer Load Register (TLR) 


$00 




Octal Counter 


"000" 





(Note) MCU rent afftcts to the rest of registers as follows: 



After recovering from STOP mode 
by MCU reset 



After MCU reset except for 
the left condition 



Carry 


<CA) 


Accumulator 


(A) 


B Register 


IB) 


W Register 


IW) 


X/SPX Registers 


1 X/SPX) 


Y/SPY Registers 


(Y/SPY) 


Serial Data Register 


(SR) 


RAM 



The contents of the items before 
MCU reset are not retained. 
It is necessary to intialize them 
by software again. 



Same as above 

The contents of RAM before MCU 
reset (just before STOP instruction) 
are retained. 



The contents of the items before 
MCU reset are not retained. 
It is necessary to initialize them 
by software again. 



Same as above 



8.3 Notes on Unused Pins 

When input /output pins not used in a user system are in a floating state, 
electric potential of the I/O pins should be fixed because the LSI may 
malfunction by noise. The following describes some examples. 

High break-down voltage pin: Select "without pull-down MOS (PMOS open 
drain)" with mask option list, and connect the pin to V^^. on the print board 
of the user system. 

Standard pins: Select "without pull-up MOS (NMOS open drain)", and connect 
the pin to GND on the print board of the user system. R40/SCK pin and 
R42/SO pin are programmed as R^q pin and R^2 P^^y respectively by the serial 
mode register and port mode register. 
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8.4 Notes on Board Design of an Oscillation Circuit 

When connecting crystal and ceramic resonators with the OSCi and OSC2 pins 
for oscillation, observe the following design precautions. 

(1) Locate crystal, ceramic resonator, and load capacity and C2 as close to 
the LSI as possible as shown in Fig. 8-2 (induction of outside noise on the 
OSC1 and OSC2 pins may cause problems in oscillation). 

(2) Wire the signal lines adjacent to OSCi and OSC2 pins as far apart as 
possible and not in parallel in order to prevent crosstalk. 

(3) If the signal line or power supply line is laid out near the oscillator 
circuit as shown in Fig. 8-3, normal oscillation may not operate as specified. 
The resistor between OSCi or OSC2 and nearby pins should be lOMQ or more. 



0SC2 

OSCi 



MCU 



C2 



-'—it 



osc. 



OSCn 



MCU 



Signal C 



too to 



Fig. 8-2 Design of Oscillation 
Circuit Board (I) 



Fig. 8-3 Example of Circuit Causing 
Trouble in Oscillation 



(4) When operating MCU using an external clock, be careful of a long drop 
from the external clock to the OSCi pin. Induction of noise on the OSCi 
pin from signal lines or power supply lines can lead to malfunction of 
the MCU. Refer to Fig. 8-4. 
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OSCl 



MCU 



J*^ Co up ling 
ycapaci ty 



Clock 
generator 



Fig. 8-4 Design of Oscillation Circuit Board (II] 



8.5 Automatic Paging Facility of Cross Assembler for the HMCS400 Series 

The following cross assemblers for the HMCS400 series have an automatic 
paging facility. 

(1) The S400XAS2F cross assembler for the H68SD operates under FDOS-III or 
FDOS-II with its host computer Hitachi development system H68SD5A, H68SD5 
or H68SD20. 

(2) The S400XAS6F cross assembler for the H680SD200 operates under CP/M-68K* 
with its host computer Hitachi development system H68SD200. 

(3) The S400MDS1F and S400MDS2F cross assemblers for MDS operate under ISIS~II 
or CP/M* with their host computer Intel development system MDS-220/230. 
Owing to the automatic paging facility, programmers can use conditional 
branch instructions for any size ROM without being concerned with page 

(256 words /page) boundaries. Two conditional branch instructions are 
available for the HMCS400 series : BR and BRL. The above cross assemblers 
have a unique instruction which has no object code, i.e., BRS . With the BRS 
instruction, the object code is automatically converted to BR if the destina- 
tion address is within the current page and to BRL if it is not within the 
page. With such object code generated, the mnemonic of the instruction in the 
source statement remains "BRS". 

* CP/M-68K and CP/M are registered trademarks of Digital Research. 



Destina- 
tion 

Instruc- 
tion 


Within the page 
(1-word 
instruction) 


Out of the page 
(2-word 
instruction) 


BRS 


BR 


BRL 
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(4) When a BRS instruction appears, object code for BR is generated if the 
destination address is within the current page and that of BRL if it is not 
within the page. 



(5) 


The BRS operand 


is a symbol 


name 


having a ROM 


address . 




ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




oooni 






LBLl 


EQU 


$1 




00002 






LBL2 


EQU 


$100 




00003 


301 


0000 




BRS 


LBLl 


® 


00004 


170 100 


0001 




BRS 


LBL2 


® 


00005 














00006 








ORG 


$FF 




00007 


300 


OOFF 




BRS 


LBL2 


(D 


00008 






* 








00009 








ORG 


$1FF 




00010 


170 100 


OlFF 




BRS 


LBL2 


® 


00011 














00012 


302 


0201 




BRS 


lblJ 




00013 












® 


00014 


231 


0202 


LBL3 


LAI 


$1 ^ 




00015 






* 








00016 








END 







Fig. 8-5 Example of Automatic Paging 



Object code for the BR instruction is generated if LBLl is in the 
current page. 

Object code for the BRL instruction is generated if LBL2 is not in the 
current page. 

(5) Object code for the BR instruction is generated because BRS is on the 

page boundary and LBL2 is in the following page. 
(4) Object code for the BRL instruction is generated because BRS is on the 

page boundary and LBL2 is not in the following page. 
@ If the number of automatic paging operations exceeds 255, the assembler 

outputs an error message and terminates the process. In this case the 

destination address of the BRS instruction is undefined. 
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8.6 Precautions for Port Mode Register (PMR) Setting 



IFO and IFl (External Interrupt Request Flags) are set if R32/INT0 and 
R33/INT1 programmed as INTq input pin, INTi input pin, respectively by 
setting the bit 2 and 3 of PMR to 1 during R32/INT0 and R33/INT1 input 
level LOW. Thus, PMR should be specified as the external interrupt input 
pin (INTq or INTj) only in external interrupt disable state. Then IFO or 
IFl should be reset. 

Although PMR is set as external interrupt input during R32/INT0 and 
R33/INT1 input level high, IFO and IFl cannot be set. 



External 
interrupt 


Notes for PMR setting 


INTO 


IFO is set if R32/INT0 pin is programmed as INTq input pin 
by setting bit 2 of PMR to 1 during R32/INT0 input level low. 


int5[ 


IFl is set if R33/INT1 pin is programmed as INTi input pin 
by setting bit 3 of PMR to 1 during R33/INT1 input level low. 



The following examples shows the programming example of PMR for INTq. 
(Example 1) PMR is set in main routine 



SEMD IMO, $000 
LMID %0100, PMR 
REMD IFO, $000 
REMD IMO, $000 



(Example 2) PMR is set in INTq interrupt routine 

LMID %0000, PMR ^32=^32 

LMID %0100, PMR R32«INTo 
REMD IFO, $0000 IFO RESET 



INTO MASK 
R32-INT0 
IFO RESET 
INTo ENABLE 
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9. Difference between EPROM in-package type, EPROM on-package 
type and Mask ROM type 



Type Name 
Items ^*^>s^^ 


EPROM in package 


EPROM on package 


HD4074008 


HD614P080S 
HD614P0160S 


HD614P180 
HD40P4181 


Typical instruction 
exection time 


1 ps 


1.33 ys 


1.33 1-is/l ys 


Power supply voltage 
[V] 


4.5 - 5.5 


4.5 - 5.5 


4.5 - 5.5 


ROM 


8192 wordsxlO bits PROM 


4096 wordsxlQ bits 
8192 wordsxlO bits 


(EPROM 2764) 
(EPROM 27128,27256) 


RAM 


512 digitsx4 bits 


576 digitsx4 bits 


576 digitsx4 bits 
992 digitsx4 bits 


I/O pin 
circuit 


Standard pins 


NMOS Open drain*l 


NMOS Open drain 


NMOS Open drain 


High voltage 
pins 


PMOS Open drain*2 


PMOS Open drain 


PMOS Open drain 


Clock 

generation 


Crystal 


o 


o 


o 


Ceramic 




o 





Resistance 








Package 




Shrink type 64-pin dual- 
in-line plastic package. 
64-pin flat plastic package 
Shrink type 64-pin dual- 
in-line ceramic package. 


Shrink type 64-pin 
EPROM on package. 


42 pin EPROM on 
package. 




Type 


DC-64S 


DP-64S 


FP-64 


DC-64SP 


DC-42P 


Occupied area 


18.8x57.3 


17x58 


19.6x25.6 


23x57.3 


19x52.8 


High from 
stand-off 

(mm) 


5.1 
(max) 


5.1 
(max) 


2.9 

(max) 


7.5 (max) 
EPROM on-package 



*1, *2 Typical 5V use 
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Mask ROM 


HMCS402AC 

HMCS402C 

HMCS402CL 


HMCS404AC 

HMCS404C 

HMCS404CL 


HMCS408AC 

HMCS408C 

HMCS408CL 


HMCS412AC 

HMCS412C 

HMCS412CL 


HMCS414AC 

HMCS414C 

HMCS414CL 


1.33 lis 
2 lis 
4 ys 


1.33 ys 
2 ys 
4 ys 


1 ys 

2 ys 
4 ys 


1 ys 

2 ys 
4 ys 


1 ys 

2 ys 
4 ys 


4.5 - 6 
4 - 6 
2.7 - 6 


4.5 - 6 
4 - 6 
2.7 - 6 


4.5 - 6 
3.5 - 6 
2.5 - 6 


4.5 - 6 
3.5 - 6 
2.5 - 6 


4.5 - 6 
3.5 - 6 
2.5 - 6 


2048 wordsxlO bits 


4096 wordsXlO bits 


8192 wordsxlO bits 


2048 wordsxlO bits 


4096 wordsxlO bits 


160 digitsx4 bits 


256 digitsx4 bits 


512 digitsx4 bits 


160 digitsx4 bits 


160 digitsx4 bits 


Each pin selects "without pull-up MOS (NMOS open drain)", 
"with pull-up MOS", or "CMOS". 


Each pin selects "without pull-down MOS (PMOS open drain)" 
or "with pull-down MOS". 


o 


o 


o 








o 





o 


o 





HMCS402C 


HMCS404C 








Shrink type 64 pin dual-in-line plastic package. 
64 pin flat plastic package. 


42 pin dual-in-line plastic package. 

Shrink type 42 pin dual-in-line 
plastic package. 


DP-64S, FP-64 


DP-42, DP-42S 


17x58, 19.4x25.6 


13.4x52.8, 14x37.34 


5.1 (max), 2.9 (max) 


5.08 (max) 
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10. EPROM IN PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD4074008 

Under Development 

10.1 Overview 

The HD4074008 is a mass storage ZTAT microcomputer incorporating 8k words 
of programmable ROM and 512 digits of RAM. It is a CMOS 4-bit single-chip 
microcomputer which is a member of the HMCS400 series microcomputers providing 
the characteristics of high program productivity, high speed operation, and 
low power dissipation. 

(1) Features 

o Instruction Set Compatible with the HMCS402/404/408 

o 8,192 words x 10 bits programmable ROM (Program spec, is compatible with 

the 27256 type) 
o 512 digits X 4 bits RAM 

o 58 I/O Lines Including 12 Large Current Pins (15mA), I/O Pin Circuit 

Type; Open Drain with 5 Voltage use. 
o Two On-chip Timer /Counters 
o Clock Synchronous 8-bit Serial Interface 
o Five Interrupt Sources 

External 2 

Internal 3 
o Subroutine Stack 

Up to 16 levels including Interrupts 
o Two Low Power Dissipation Mode 

Standby Mode 

Stop Mode 
o On-chip Oscillator 

Crystal or Ceramic Filter (Externally drivable) 
o Minimum Instruction Cycle Time 0.89ys 
o Operation Mode 

MCU Mode 

PROM Mode 
o Package 

64-Pin Shrink Type Plastic DIP 

64-Pin Shrink Type Ceramic DIP with Window 

64-Pin Flat Plastic Package 
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(2) Pin Arrangement (Top View) 



Du Q o 

D'2 □ 

D.3 □ 
Di« □ 
D'5 C3 
Roo (3 
Roi □ 
Ro2 □ 

R03 □ 

Rio (U 
Rn m 
Rl2 IS 
R>3 E 
R 20 (Q 
R21 E 
R 22 (S 
R23 E 

Rao QI 
Ra* 09 
Rso BQ 

R31 Q 
R32/fFnoE 

R33/INT'E 
Rso Q 

Rsi e 
R&2 n 

R S3 CQ 
Reo E9 

R61 OS 
R62 GO 

R«3 B! 

vcc GQ 



D.o 
Ds 
Db 

06 

Os 

04 

52 03 

02 

Oi 
Oo 

□ gno 

sa DSC 2 

ED OSC' 

a TEST 

RESET 
iB R93 
i2 R92 
a R91 
R90 

a Rs3 
a R82 
a R«i 

a Rao 

a 

R72 

R71 

□ R70 
R43 

R42/S0 

B R4./S1 

R40/SCK 



ocooooooo o 0000 



R02 [7 

R03 [T 

R,o [7 
B.. [T 

R.2 [T 

R13 [T 
R20 [T 
R2. [T 
R22 Qo 
R23 [77 

R*o Q2 

RAt [TI 
R30 [m 
R3. Q? 
R32/rNT^(]6 
R33/INT7Q7 
Rso Qs 
Rsi Qs 



"* 03 

O2 

Ot 
Oo 
GNO 
OSC 2 
OSC1 
TRT 

RESET 

R»3 

R92 
R91 
R90 
Rh 

R«2 

m] Rii 
35] R.0 
34I R73 

33] R72 



ls|l5JlR|[R||5jlRjlsJlRj[8j|«J|sJ|sJ|a| 



(DP-64S) 



(FP-64) 



(3) Block Diagram 



RA ZiO 



M, 

Mo 
As 
Vpp 



OE 
CE 



R«o 



, ^ SERIAL 
!7 " ^ INTER 



m 



R33/ Rjj/ 

-1 1 



RESET TEST OSC, OSC, VccGNO 



EXTERNAL 
INTERRUPT 



INTERRUPT CONTROL 



RAM 512X4bit 



1 I 1 I .11 



SYSTEM CONTROL 



ft ft ft 



IE 



3C 



10 




mr TTTT TTTTTrrr TTir ititiiinittutt 

R«3R«j/R4,/R4o/R»/R3^R3,R30 RjjRjjRjiRio R.jRij«nR,o Ro3»VmRo,Roo DisOi«Di,0.20..0ioO«Dt07 0« Di O4 Dj Oi O. Do ■•- MCU Mode 
SO SI SCK INT,i»Tf^ 



070,0,04 



A|4Ai3 AjjAjiAioAo A^A^ A« As A4AaA4A» 



OjOsCOb *- PROM Mode 



Fig. 10-1 Block Diagram 
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(4) Pin Function 

Pin arrangement depending on the mode 



Pin No. 


MCU Mode 


PROM Mode 


Pin No. 


MCU Mode 


PROM Mode 


DC-64S 
DP-64S 


FP-64 


Symbol 


I/O 


Symbol 


I/O 


DC-64S 
DP-64S 


FP-64 


Symbol 


I/O 


Symbol 


I/O 


1 


59 


Dll 


I/O 


Vcc 




33 


27 


R40/SCK" 


I/O 


04 


I/O 


2 


60 


Dl2 


I/O 






34 


28 


R41/SI 


I/O 


05 


I/O 


3 


61 


Dl3 


I/O 






35 


29 


R42/S0 


I/O 


06 


I/O 


4 


62 


Dl4 


I/O 






36 


30 


R43 


I/O 


07 


I/O 


5 


63 


D15 


I/O 






37 


31 


R70 





CE 


I 


6 


64 


ROO 





Al 


I 


38 


32 


R71 





OE 


I 


7 


1 


ROl 





A2 


I 


39 


33 


R72 









8 


2 


R02 





A3 




40 


34 


R73 









9 


3 


R03 





A4 




41 


35 


R80 









10 


4 


RlO 


I/O 


A5 


I 


42 


36 


R81 









11 


5 


Rll 


I/O 


A6 


I 


43 


37 


R82 









12 


6 


R12 


I/O 


A7 


I 


44 


38 


R83 









13 


7 


Rl3 


I/O 


A8 




45 


39 


R90 


I 


Vpp 




14 


8 


R20 


I/O 


AO 




46 


40 


R9I 


I 


A9 




15 


9 


R21 


I/O 


AlO 


I 


47 


41 


R92 


I 


Mo 


I 


16 


10 


R22 


I/O 


All 


I 


48 


42 


R93 


I 


Ml 


I 


17 


11 


R23 


I/O 


A12 




49 


43 


RESET 


I 


RESET 




18 


12 


Rao 


I 






50 


44 


TEST 


I 


TEST 




19 


13 


Rai 


I 






51 


45 


OSCi 


I 






20 


14 


R30 


I/O 


A13 


I 


52 


46 


OSC2 









21 


15 


R31 


I/O 


Al4 


I 


53 


47 


GND 


I/O 


GND 




22 


16 


R32/INT0 


I/O 






54 


48 


Do 


T /n 




I/O 


23 


17 


R33/TNTX 


I/O 






55 


49 


Dl 


I/O 


Ol 


I/O 


24 


18 


R50 


I/O 






56 


50 


D2 


I/O 


02 


I/O 


25 


19 


' R51 


I/O 






57 


51 


D3 


I/O 


03 


I/O 


26 


20 


R52 


I/O 






58 


52 


Da 


I/O 






27 


21 


R53 


I/O 






59 


53 


D5 


I/O 






28 


22 


R60 









60 


54 


D6 


I/O 






29 


23 


R61 









61 


55 


D7 


I/O 






30 


24 


R62 









62 


56 


D8 


I/O 






31 


25 


R63 









63 


57 


D9 


I/O 






32 


26 


vcc 




Vcc 




64 


58 


DlO 


I/O 


Vcc 





(Note) I/O : Input/Output Pins 
I : Input Pins 
: Output Pins 
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(5) Pin Description 

The MCU input and output signals are described below. 

o GND, Vcc 

These are the power supply pins for the MCU. Connect the GND to the 
ground (OV) and apply the Vcc power supply voltage to the Vqq pin. 

o TEST 

This pin is not for use by users. It should be connected to Vqq pin. 
o RESET 

This pin is used to reset the MCU. 
o OSC^, OSC2 

These are input pins for the internal oscillator circuit. They can be 
connected to the crystal resonator, ceramic filter resonator, or 
external oscillator circuits. The internal oscillator should be 
selected using a mask option. 

o D-port 

The D-port is input/output port addressed by one bit. All pins 
(D0-D2.5) are I/O pins. The pins Dq to D3 are standard pins and 
their circuit type is NMOS open drain. The pins D4 to D15 are large 
current standard pins, and their circuit type is PMOS open drain. 

o R-ports (RO to Ra) 

These are 4-bit 1/0 ports. (RA however, is 2-bit construction.) RO, 
R6, R7 and R8 are output ports, R9 and RA are input ports, and Rl to 
R5 are I/O ports. All pins of port RO-RA are standard pins. 
The circuit type of D4-D15 and R0-R2 is PMOS open drain, and that of 
D0-D3 and R3-R8 is NMOS open drain. The pins R329 R33, R40> ^41* and 
R42 are multiplexed with INTq, INT^, "SOT, SI, and SO respectively. 

o INTq, intT 

These are input pins with which MCU operations can be interrupted 
externally. INT^ can be used as and external event input pin for 
Timer B. INTq and INTJ are multiplexed with R32, R33 respectively. 

o SCK, sT, SO 

The Transfer Clock I/O pin (SCK) , Serial Data Input pin (SI), and Serial 
Data Output pin (SO) are used for serial interface. SCK, SI, and SO are 
multiplexed with R40> ^41* and R42 respectively. 
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PROM Mode Pins 
o Vpp 

This pin is used for applying program voltage (12.5V ±0.3V) to internal 
PROM. 

o CE 

This pin is input for programming and verifying internal PROM, 
o OE 

This pin is input of data output control signal for verify, 
o A0-A14 

These pins are address input pins for internal PROM, 
o O0-O7 

These are data buses for internal PROM. 

o Mq, M]; 

These pins are used for setting EPROM mode. EPROM mode is set when 
Mq, Ml, and TEST pins are Low level and RESET pin is High level. 
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(6) Package Dimensions 



Unit: mm (inch) 



DP-6 4S 



64 58.6max.(2.307max.) 33 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



uuuuuUUUUUULJUUUlJLJLMJIJUUUUUULJLJUIJLJLI 




_ _ 19.05 
e § k5 r (0.750) 1 



1.778 ±0.25 
(0 070- 0.010) 



0.48 * n in li 
(0 019 ^ 0.004r 



15 



DC-64S 



64 


33 






0' 























(2) 








1 


1 0.9(0.035) 


32 




(0.070 ±0.0 10) 



0.48 ±0.1 
(0.019 ±0.004) 



1 

J[0_25t8Ji 
(O.OIOtgoS 
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Unit: nim(inch) 



FP-64. 




10.2 ROM Memory Map 

The MCU includes 8,192 words x 10 bits PROM. PROM is described in the 
following paragraphs and PROM Memory Map is illustrated in Fig. 10-2. 

o Vector Address Area $0000 to $000F 

Locations $0000 through $000F are reserved for JMPL instructions to 
branch to the starting address of the initialization program and of the 
interrupt service programs. After reset of interrupt routine is serviced, 
the program is executed from the vector address. 

o Zero-Page Subroutine Area $0000 to $003F 

Locations $0000 through $003F are reserved for subroutines. CAL instruc- 
tion allows to branch to the subroutine. 

o Pattern Area $0000 to $OFFF 

Locations $0000 through $OFFF are reserved for ROM data. P instruction 
allows referring to the ROM data as a pattern. 

o Program Area $0000 to $1FFF 
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15 
16 



63 
64 ■ 



4095 
4096 



8191 
8192 ' 



Vector Address 



Zero-Page Subroutine 
(64Words) 



Pattern 

(4096 Words) 



Program 
(8192 Words) 



$0000 





JMPL Instruction 


$0000 




1 


(Jump to RESET Routine) 


$0001 


$000F 


2 


JMPL Instruction 


$0002 


$0010 


3 


(Jump to INTo Routine) 


$0003 


\ 


4 


JMPL Instruction 


$0004 


\ 

\ 


5 


(Jump to INTi Routine) 


$0005 


$003F 


6 


JMPL Instruction 


$0006 


$0040 


7 


(Jump to TIMER-A Routine) 


$0007 




8 


JMPL Instruction 


$0008 




9 


(Jump to TIMER-B Routine) 


$0009 


$0FFF \ 


10 




$000A 


$1000 






$0008 




\ 


JMPL Instruction 


$000C 




\l3 


(Jump to SERIAL Routine) ' 


$0000 




14 




$000E 


$1FFF 


lV 




$000F 



Fig. 10-2 PROM Memory Map 



10.3 RAM Memory Map 

The MCU includes 512 digits x 4 bits RAM as the data area and stack area. 
In addition to these areas, interrupt control bits and special function 
registers are also mapped on the RAM memory space. RAM memory map is 
illustrated in Fig. 10-3 and described in the following paragraphs. 

o Interrupt Control Bit Area $000 to $003 

This area is used for interrupt controls, and is illustrated in Fig. 10-4. 
It is accessable only by RAM bit manipulation instruction. However, the 
interrupt request flag cannot be set by software. RSP bit is used to 
reset the stack pointer. 

o Special Function Registers Area $004 to $00B 

The Special Function Registers are the mode or data registers for the 
external interrupt, the serial interface, and the t imer /counter . These 
registers are classified into three types: Write-only, Read-only, and 
Read/Write as shown in Fig. 10-3. These registers cannot be accessed by 
RAM bit manipulation instruction. 
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o Data Area $020 to $1DF 

16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown 
in Fig. 10-5. 

o Stack Area $3C0 to $3FF 

Locations $3C0 through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when 
interruption is serviced. This area can be used as 16 nesting level 
stack which one level requires 4 digits. A save condition is shown in 
Fig. 10-5. The program counter is restored by RTN and RTNI instructions. 
Status and Carry are restored only by RTNI instruction. The area, not 
used for stacking, is available as a data area. 



31 , 
32 



47 . 
48 



479 
480 



959 . 
960 



1023 



RAM-mapped Registers 



Memory Registers(MR) 



Data 
(448 Digits) 



Not Used 



Stack 
(64Digits) 



R 
W 

R/W; 



Read Only 
Write Only 
Read/Write 



$000 




Interrupt Control Bits 



Port Mode Reg. 



(PMR) 



Serial Mode Reg. 



(SMR) 



Serial Data Reg. Lower (SRL) 



Serial Data Reg. Upper (SRU) 



Timer Mode Reg. A 



(TMA) 



Timer Mode Reg. B 



(TMB) 



- TIMER-B* 



(TCBL/TLRL) 



(TCBU/TLRU) 



W 



W 
R/W 
R/W 

W 

W 
R/W 
R/W 



$000 
$001 
$002 
$003 
$004 
$005 
$006 
$007 
$008 
$009 
$00A 
$00B 
$00C 



$01F 



$3FF 

* Two registers are mapped on same address. 



Timer/Event Counter B Lower ' « 
(TCBL) " 


Timer Load Reg. Lower < 

(TLRL) 1 W 


Timer/ Event Counter B Upper • „ 
<TCBU) , " 


Timer Load Reg. Upper | ... 
(TLRU) 



$00A 
$00B 



Fig. 10-3 RAM Memory Map 
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bit 3 


bit 2 


bit 1 


bitO 







IMO 

(IM of mT7) 


IFO 
(IF of INTo) 


RSP 
(Reset SP Bit) 


(Interrupt Enable Flag) 


$000 


1 


IMTA 
(IM of TIMER-A) 


IFTA 
(IF of TIMER-A) 


IM 1 

(IM of iFTT) 


IF1 

(IF of int7) 


$001 


2 


Not Used 


Not Used 


IMTB 
(IM of TIMER-B) 


IFTB 
(IF of TIMER-B) 


$002 


3 


Not Used 


Not Used 


IMS 
(IM of SERIAL) 


IFS 

(IF of SERIAL) 


$003 


IF : 
IM : 
l/E : 
SP : 
(Note) 


Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 

Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMD instruction and is tested by TM/TMD 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "Not Used" bit is tested. 



Fig. 10-4 Configuration of Interrupt Control Bit Area 



Memory Registers 




Stack Area 


32 


MR(0) 


$ 020 


960 


Level 


16 


33 


MR(1) 


$ 021 




Level 


15 


34 


MR(2) 


$ 022 




Level 


14 


35 


MR(3) 


$ 023 




Level 


13 


36 


MR(4) 


$ 024 




Level 


12 


37 


MR(5) 


$ 025 




Level 


11 


38 


MR(6) 


$ 026 




Level 


10 


39 


MR(7) 


$ 027 




Level 9 


40 


MR(8) 


$ 028 




Level 


8 


41 


MR(9) 


$ 029 




Level 


7 


42 


MR(10) 


$ 02A 




Level 


6 


43 


MR(11) 


$ 02B 




Level 


5 


44 


MR(12) 


$ 02C 




Level 


4 


45 


MR(13) 


$ 020 




Level 


3 


46 


MR(14) 


$ 02E 




Level 


2 


47 


MR(15) 


$ 02F 


1023 


Level 1 



PC 13 to PCo 
ST; Status 
CA; Carry 



Program Counter 



$3C0 



$3FF_ 





bit3 


bit2 


biti 


bitO 




/ 

1020 


ST 


1 

PC,, 


PcTT 


PC,, 


$3FC 


/ 1021 




1 

PC, 


Pc7 


1 — 

PC, 


$3FD 


1022 


CA 


— 1 

PC, 


pc7 


1 — 


$3FE 


1023 


PC, 


— 1 

PC, 

1 


PcT 


PCo 


$3FF 



(Note) As the HD 4074 008 is 8k EPROM 
version, PC13 is not used. 



Fig. 10-5 Configuration of Memory Register, Stack Area and Stack Position 
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10.4 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 




Pin Voltage 


Vt 


-0.3 to Vcc +0.3 


V 


3 


Total Allowance of Input Currents 


Slo 


50 


mA 


4 


Total Allowance of Output Currents 


-Slo 


150 


mA 


5 


Maximum Input Current 


lo 


15 


mA 


6,7 






4 


mA 


8,9 


Maximum Output Current 


-•o 


6 


mA 


8. 10 






30 


mA 


8,11 


Operating Temperature 


Topr 


-20 to +75 


''C 




Storage Temperature 


"•"stg 


-55 to +125 


°C 





(Not* 1) Permanent dwneoe may occur if "Absolute Maximum Ratings"of the LSI or tha EPROM are exceeded. Normal operation should be 
under the conditions of "Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LSI. 

(Note 2) All voltages are with respect to GNO. 

(Note 3) Applied to standard pins. 

(Note 4) Total allowance of Input current is the total sum of Input current which flow in from ail I/O pins to GND simultaneously. 

(Note 5) Total allowance of output current is the total sum of the output current which flow out from Vcc *o '/O P'"* simultaneously- 

(Note 6) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 7) Applied to Do ~ D, and R3 ~ R8. 

(Note 8) Maximum output current is the maximum amount of output current from Vcc *° '^O P'"- 

(Note 9) Applied to D, ~ Dy and R3 ~ R8. 

(Note 10) Applied to RO ~ R2. 

(Note 11) Applied to D« ~ D„ . 
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10.5 HD4074008 Electrical Characteristics 

(1) DC Characteristics (Vcc = 5V ± 10%, GND = OV, Ta « -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


v,„ 






O.SVcc 


- 


Vcc+0.3 


V 




SI 




0.7Vcc 


- 


Vcc+0.3 


V 




osc, 




Vcc- 0-5 




Vcc'*"0.3 


V 




Input "Low" 
Voltage 


V,L 


RESET, SCK, 

int^.iKPtT ' 




-0.3 


- 


0.2Vcc 


V 




SI 




-0.3 




0.2Vcc 


V 




osc, 




-0.3 


- 


0.5 


V 




Output "High" 
Voltage 


VoH 


SCiT.SO 


-loH = 1.0 mA 


Vcc-1.0 






V 




-loH = 0.01 mA 


Vcc-0.5 






V 




Output "Low" 
Voltage 


Vol 


SCK. so 


loL = 16 mA 




- 


0.4 


V 




Input/Output 
Leakage Current 


MilI 


RESET, SClT, 
INTo. INTT, 
SI, so. OSC, 


Vin = OV to Vcc 






1 


^A 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc=5V 






4.5 


mA 


2,4 


Current 
Dissipation in 
Standby Mode 




V CC 


Maximum 
Logic 
Operation 
Vcc = 5V 






1.7 


mA 


3,4 


Current 
Dissipation in 
Stop Mode 


'ttop 


Vcc 


Vin(TEST) = Vcc-0.3V to Vcc 
Vjn(RESET) = 0V to 0.3V 






10 


A«A 




Stop Mode 
Retain Voltage 


V.top 


Vcc 




2 






V 





(Note 1 ) Pull-up MOS current and output buffer current are excluded. 
(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET. TEST . Vcc voltage 

• Do -Da, R3~R9 • • Vcc voltage 

• D«~Di5 , R0~R2, R^, Rai • • GND voltage 
(Note 3) The timer/counter operate and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• SERIAL Interface ; Stop 
Pinstate; • RESE T ■••GND voltage 

• TEST Vcc voltage 

• Do~D,, R3~R9 ••• Vcc voltage 
•D4~D,$. R0~R2. RaO' ^Al ■•• GND voltage 

(Note 4) When fo^c^^fMRz) , the Current Dissipation in Operation mode and Standby mode are estimated as follows: 

max. value {fojc^^lMMz] ) =^x max. value (fosc~8[MH2] ) 
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(2) Input/Output Characteristics for standard pin — 1 

(Vcc = 5V ± 10%, GND = OV, Ta = -20 to +75°C, if not specified.) 





Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V IH 


Do ~ Da , 
R3 ~ R5, R9 




0.7Vcc 




Vcc +0.3 


V 




Input "Low" 
Voltage 


V,L 


Do ~ D3, 
R3-- R5, R9 




-0.3 




0.3Vcc 


V 




Output "Low" 
Voltage 


Vol 


Do ^ Da , 
R3~ R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


HilI 


Do ~ Da , 
R3- R9 


Vin = OV to Vcc 






1 


MA 


1 



(Note 1 ) Output buffer current are excluded. 



(3) Input/output characteristics for standard pin — 2 

(Vcc = 5V ± 10%, GND = OV, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Dis, R1 

R2. Rao. Rai 




OJVcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Dis, R1 

R2, Rao. Rai 




-0.3 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 - D,s 


— Iqh ~ 15mA 


VcC-3.0 






V 




-IqH = 10mA 


VcC-2.0 






V 




-Iqh = 4mA 


vcc-10 






V 




RO - R2 


-lOH = 3mA 


VcC-3.0 






V 




-lOH = 2mA 


VcC-2.0 






V 




-iQH = 0.8mA 


Vcc-10 






V 




Input/Output 

Leakage 

Current 


II, l1 


D4 -Dis 
R0-R2 

Rao. Rai 


Vin = to Vcc 






1 




1 



(Note 1 ) Output buffer current are excluded. 
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<4) AC Characteristics (Vcc = 5V ± 10%, GND = OV, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 




typ 


max 


Oscillation Frequency 






divide-by-8 


0.4 


8 


9 


MHz 




Instruction Cycle Time 


tcyc 




divide-by-S 


0.89 


1 


20 


MS 




Oscillator Stabilization 
Time 


tRC 










20 




1 


External Clock "High" 

1 ouaI \A/irltK 

UcVel wiuin 


tCPH 


OSC, 


divide-by-8 


41 




_ 


ns 


2 


External Clock "Low" 
Level Width 


tcPL 


OSC, 


divideby-8 


41 






ns 


2 


External Clock Rise Time 


tCPr 


OSC, 








15 


ns 


2 


External Clock Fall Time 


tcpf 


OSC, 




- 


- 


15 


ns 


2 


fRTTo "High" Level Width 


t|OH 


INTo 




2 






tcyc 


3 


1 MTn "1 rtuu" 1 owel Width 
IIM 10 L.OW ucvci vviain 


^lOL 


INTo 




2 








3 


INTi "High" Level Width 


^IIH 


TNTl 




2 






5VC_ 


3 


WTi "Low" Level Width 


t|iL 


INTi 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


^RSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after S/qq reaches 4.5V at "Power-on", or after RESET 
input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tRC obtain the necessary time for oscillator stabilization. When using 
crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 



Crystal oscillator 
Ci 



r—ii— r- 

Crystaj[_ 



OSC2 



GNO 

Crystal- 8.388608MHz NC-18(Nihon Denpa Kogyo) 
Rf = IMn ±20% 
C, =Cj =10pF±20% 



1 fCP - 



OSC, 



(Note 4) 



J tCPH — -Vh — tCPL— 1 

tCPr KPf 

HhtF 



0.8V, 

RESET o.2Vcc 



Ceramic filter oscillator 



Ct 

Ce ramie j 



filter, 
C2 



OSC2 



GND 

Ceramic filter: CSA8.00MT (Murata) 
Rf= 1Mn±20% I 
C, = C, = 30pF ± 20% 



0.8Vcc-C 3. / 

INT.,INT; y^tiOH. t|iH-V — tiOL. ^IIL— 1/ 

0-2Vcc -J - If 
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(5) Serial Interface Timing Characteristics 

(Vcc = 5V ± 10%, GND = OV, Ta = -20 to +75°C, if not specified.) 

• At Transfer Clock Output 



Item 


Symbol 


Pin Name 


""rest 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


tscyc 


SCK 


(Note 2) 


1 






^cyc 


1,2 


1 ranster uiocK High 
Level Width 


tsCKH 


SCK 


(Note 2) 


0.5 


- 


- 


^Scyc 


1,2 


Transfer Clock "Low" 
Level Width 


^SCKL 




SCK 


(Note 2) 


0.5 






^Scyc 


1, 2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


^SCKf 


"SCK 


(Note 2) 






100 


ns 


1,2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1.2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 




• At Transfer Clock Input 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


^SCKL 


SCK 




0.5 






^Scyc 




Transfer Clock Rise Time 


^SCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


tsCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


^DSO 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Se^rial Input Data Hold Time 


^HSI 


SI 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2 0V(0 7Vcc 

0.8V(0.2Vcc) • 



X 



Vcc-2 OV 
8V 



X 



4— -tSCKt — -|-tSCKr 



x: 



\ / ^ 0.3VCC J f \ 



* ^CC ~ 2.0V and 0.8V are the threshold voltage for transfer clock output. 
O.SVqc 0.2 Vcc ai'e threshold voltage for transfer clock input. 



(Note 2) Timing Load Circuit 
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10.6 Programming the On-Chip Programmable ROM 



The HD4074008Vs on-chip PROM is programmed in PROM mode. PROM mode is set 
by bringing TEST, Mq, and Ml low, and RESET high as shown in Fig. 10-7. 
In PROM mode the MCU does not operate. It can be programmed like a standard 
27256 EPROM using a standard PROM programmer and a 64-to-28-pin socket 
adapter. Table 10-2 lists recommeded PROM programmers and socket adapters. 

Since an instruction of the HMCS400 series consists of 10 bits, the 
HMCS400 series microcomputer incorporate conversion circuit to use general 
perpose PROM programmer. By this circuit, an instruction is read or programmed 
using 2 addresses, lower 5 bits and upper 5 bits as shown in Fig. 10-8. For 
example, if 8k words of on-chip PROM is programmed by general purpose PROM 
programmer, 16k bytes of addresses ($0000-$3FFF) should be specified. 

Precautions 

1. Addresses $0000 to $3FFF should be specified if the PROM is program- 
med by the PROM programmer. If addresses of $4000 or higher is 
accessed, the PROM may not be programmed or verified. Note that the 
plastic package type cannot be erased and reprogrammed . Data in 
unused address should be set to $FF. (Ceramic window packages can 
be erased and reprogrammed by ultraviolet light.) 

2. Be careful that the PROM programmer, socket adapter and LSI match. 
Using the wrong programmer of socket adapter may cause an over- 
voltage and damage the LSI. Make sure that the LSI is firmly fixed 
in the socket adapter, and that the socket adapter is firmly fixed 
in the programmer. 

3. The PROM should be programmed with Vpp=12.5V. Other PROMs use 21V. 
If 21V is applied to the HD4074008, the LSI may be permanently 
damaged. 12.5V is Intel's 27256 Vpp. 

(1) Programming and Verification 

The HD4074008 can be high-speed programmed without causing 
voltage stress or affecting data reliability. 

Fig. 10-9 is a programming flowchart, and Fig. 10-10 is a timing 
chart. For precautions on PROM programming, refer to "ZTAT MCU On-Chip 
PROM Characteristics and Precautions for Applications". 
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VccQ 
□ 
□ 
□ 
□ 

A, □ 
□ 

A3 □ 
A« □ 

A5 IB 
A« E 

At eg 
A, IE 

Ao 03 
A,o QO 
A,, Q] 

A, 2 (D 

CQ 
(B 

Al3 . CS 

A.4 CQ 

C 
E 
C 
B 

e 

OS 
B 

a 

\ ccB2 



> > 



a 03 
SB 0, 

a ^0 

a GND 

a 

HD4074008 a test 

g RESET 

S^' 

a 

g 

Q 

S) 

g 

a OE 
n cE 
a 07 
a o, 
a o, 
a 0, 



BIBIBIBIBiaiEIBIBIEaiBIBia 



(Top View) 



A2 

A3 

A4 

A5 

Afl 

At 

As 

Ao 

Aio I 

An 

A12 



A, 3 
Aul 



HD4074008 



O3 
Oe 
O, 
Oo 
GND 



TEST 

RESET 

M, 

Mo 

Ao 

Vpp 



QIBIQIGISIQIQIBIQ BIQ 



No mark: Open 



>o o oololo 



(TOP View) 



Fig. 10-6 PROM Mode Pin Arrangement 



RESET 



TEST 



Oo 
S 

O7 

Ao 

S 

Au 



=C> Data 
Oo'-'Ot 



<C] ' Address 
Ao~ Ai4 



OE 



CE 



GND 

T 



Fig. 10-7 PROM Mode Function Diagram 
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$0000 
$0001 



$001F 
$0020 



$007F 
$0080 



$1FFF 
$2000 



Three bits are not used. 
(Set to "111") 





. . bit4 . bit3 . b<t2 . biti . bitO 




_ JMPL Instruction 
(Jump to RESET Routine) 




. . . bit9 . bits . bit? . bit6 . bitS 




V«ctor Address 


$0OOF 


_ JMPL Instruction 

~ (Jump to INTo Routine) 


JMPL Instruction 
(Jump to INT^ Routine) 




Zaro-Pag* SMbroutin* 
(64 Words) 


\ $0010 
\ $003F 


^ JMPL Instruction 
(Jump to TIMER-A Routine) 


JMPL instruction 

(Jump to TIMER-B Routine) 


r Pattern 

(4096 Words) 


$0040 

\^ 

$OFFF 






JMPL Instruction 

(Jump to SERIAL Routine) 




Program 
(8192 Words) 


$1000 V 




$1FFF 




Not Used 

(Note) 

' ■ ■ ■ ■ ■ ■ ' 


$2000 
$ FFF 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000 A 
$000B 

$oooc 

$0000 
$00OE 
$000F 



(Note) When reading this address space, "$FF" is output. 



Fig. 10-8 PROM Mode Memory Map 



(2) Erasing (Window package type) 

The PROMs on HD4074008's in ceramic "window" packages can be erased 
by ultra violet light. All erased bits become ones. 

Erasing conditions are: ultraviolet (UV) light with wavelength 2537A 
with a minimum irradiation of 15W S/cm. These conditions are satisfied 
by exposing the LSI to a 12,000 yW/cm UV source for 15-20 minutes, at 
a distance of 1 inch. 

For window-type packages, refer to "Window-Type Package Precautions". 



Table 10-1 Mode Selection 



^^--.^^ Pin 
Mode"""---^,.^^^^ 


CE 


OE 


Vpp 




Programming 


Low 


High 


Vpp 


Data 


input 


Verify 


High 


Low 


Vpp 


Data 


output 


Programming 
inhibited 


High 


High 


Vpp 


High 


impedance 



326 HITACHI 



Table 10-2 PROM Programmer and Socket Adapter 



PROM Programmer 


Socket Adapter 


Maker 


Type name 


Maker 


Type name 


DATA I/O 


29A 
29B 


Hitachi 


HS408ESS11H 


AVAL Corp 


PKW-IOOO 
PKW-7000 


Hitachi 


HS408ESS21H 



( START ) 



SET PROG./VERIFY MODE 
Vpp=12.5±0.3V. Vcc = 6.0±0.25V 
I 



I Address =0 | 




I n+i-*n I 

=±= , 

Program tpw = 1ms±5% [ 



C FAIL > 



NOGO 




NO 



SET READ MODE 
Vcc = 5.0±0.5V Vpp =Vcc±0.6V 



NOGO 




READ 
All Addre^ 

GO 

C END ) 



Address + 1 -*Address 



Fig. 10-9 High Speed Programming Flowchart 
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(3) Programming electrical characteristics 



DC Characteristics (Vcc=6V +0.25V, Vpp=12.5V ±0.3V, Vss=OV, Ta=25°C iS'^C, unless otherwise noted.) 



Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Input High Voltage Oo-07,Ao-Ai4 OE,CE 


VlH 




2.2 




Vcc+0.3 


V 


Input Low Voltage O0-O7 ,Ao-A]l4 OE.cF 


ViL 




-0.3 




0.8 


V 


Output High Voltage Oq-O; 


VOH 


IOH=-200yA 


2.4 






V 


Output Low Voltage O0-O7 


Vol 


IqL"! • 6mA 






0.45 


V 


Input Leakage Current Oo-07.Ao~Ai4 OE,CE 


|ILI| 


Vin =5.25V/0.5V 






2 


MA 


Vcc Current 


Ice 








30 


mA 


Vpp Current 


Ipp 








40 


mA 


AC Characteristics (Vcc=6V ±0.25V, Vpp=12.5V ±0.3V, Ta=25°C IS^C, unless otherwise noted.) 


Item 


Symbol 


Test Condition 


min 


typ 


max 


Unit 


Address Set-up Time 


tAS 


Fig. 10-10 


2 






MS 


OE Set-up Time 


tQES 


2 






MS 


Data Set-up Time 


tDS 


2 






MS 


Address Hold Time 


tAH 









MS 


Data Hold Time 


tDH 


2 






MS 


Output Disable Delay Time 


tDF 






130 


ns 


Vpp Set-up Time 


tVPS 


2 






MS 


Program Pulse Width 


tpw 


0.95 


1.0 


1.05 


ms 


Cl" Pulse Width when Overprogramming 


tOPW 


2.85 




78.75 


ms 


Vcc Set-up Time 


tvcs 


2 






MS 


Data Output Delay Time 


tOE 







500 


ns 



Input pulse level 0.8 - 2.2V 

Input rising/falling time 4 20ns 

Timing reference level r input: l.OV, 2.0V 
output: 0.8V, 2.0V 



Program 



Data — ^ ' Data In Stable 



Vpp 



GND— / 



CE 



OE 



Verify 



i _ Data Out Valid 



Fig. 10-10 PROM Programming/Verify Timing 
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10.7 ZTAT MCU On-Chip PROM Characteristics and Precautions for Applications 
(1) Principles of Programming/ Erasing 



The HD4074008*s memory cells are the same as an EPROM*s. Therefore 
they are programmed by applying high voltage to control gates and drains, 
which injects hot electrons into the floating gate (Fig. 10-11). The 
condensed electrons in the floating gate are stable, surrounded by an 
energy barrier of Si02 film. Such a cell becomes a bit due to the 
memory threshold voltage change. A cell with no condensed electrons at 
its floating gate appears as a 1 bit. 

The electron charge in memory cells may decrease as time goes by. 
This can be caused by: 

(p Ultraviolet light, discharged by photo-emitting electrons 

(erasure principle) 
@ Heat, discharged by thermal emitting electrons 

(3) High voltage, discharged by a high electric field at the control 
gate or drain 

If the oxide film covering a floating gate is defective, the 
erasure rate is great. Normally, electron erasure does not occur, 
because such defective devices are found and removed during testing. 



Si02 



/Control gate 



°' Si02 
Floating gate 



Source \ BQ0ee0r .Drain Source 



Control gate 



Floating gate 
V r /Drain 



Programming ("0" ) 



Erasing ("1") 



Fig. 10-11 Cross-Section of EPROM Memory Cell 
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(2) Programming Precautions 



The PROM memory cells should be programmed under specific voltage 
and timing conditions. The higher the program voltage and the longer 
the program pulse is applied, the more electrons will be injected into 
the floating gate. However, if an overvoltage is applied to Vpp, the 
p-n junction may be permanently damaged. Pay particular attention to 
PROM programmer overshot. Negative voltage noise will cause a parasitic 
transistor effect, which may reduce breakdown voltage. 

The HD4074008 is connected electrically to the PROM programmer 
through a socket adapter. Therefore, pay attention to the following: 

1. Confirm that the socket adapter is firmly fixed on the PROM 
programmer. 

2. Do not touch the socket adapter or the LSI during programming. 
Mis-programming can be caused by poor contacts. 

(3) HD4074008 Reliability After Programming 

Generally, semiconductors are reliable except for initial failures. 
To avoid failures, screening can be performed. Screening at high 
temperature removes PROM memory cells with data hold failures in a 
short time. This is done to the ZTAT^s in the wafer stage, so ZTAT 
data hold characteristics are high. Exposing the LSI to 150**C after 
user programming can effectively up grade these characteristics. 
Fig, 10-12 shows the recommended screening flow. 



Programming/Verification 



Exposure in high temperature 
without applying any power 

150°C ±10°C, 48Hr ?J^* 



Confirmation of reading 
Vcc='^-3V or 5.5V 



Exposing time is the time after 
the temperature in fireplace 
reaches 150°C 



Fig. 10-12 Recommended Screening Flow 

Note: If programming errors occur continuously during progranuning with 
one PROM programmer, stop programming and check the PROM program- 
mer or socket adapter. If trouble occurs in verification after 
programming, or after exposure to high temperatures, please 
inform a Hitachi engineer. 
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Window-Type Package Precautions 

@ Glass Erasure Window 

If the glass window comes in contact with plastic or anything 
with a static charge, the LSI may malfunction due to the electro- 
static charge on the surface of the window. If this occurs, 
exposing the LSI to ultraviolet light for a few minutes neutralizes 
the charge, and restores the LSI to normal operation. However, 
charge stored in the floating gate decreases at the same time, so 
reprogramming is recommended. 

Electrostatic charge buildup on the window is a fundamental cause 
of malfunctions. Measures for its prevention are the same as those 
for preventing electrostatic breakdown: 

Operators should be grounded when handling equipment. 

Do not rub the glass window with plastics. 

Be careful of coolant sprays, which may contain a few ions. 

The ultraviolet shading label (which includes conductive 

material) effectively neutralizes charge. 

@ Ultraviolet Shading Label 

If the LSI is exposed to fluorescent light or sunlight, its 
memory contents may be erased by the small quantity of ultraviolet 
light in these sources. In strong light, the MCU may fail under 
the influence of photocurrent . To prevent these problems, it is 
recommended that the device be used with an ultraviolet shading 
label covering the erasure window after programming. 

Special labels are sold for this purpose. They contain metal 
to absorb ultraviolet light. When choosing a label, note the 
following: 

Adhesion (mechanical intensity) - Re-use and dust reduce 
adhesion. Peeling off a label may cause static electricity. 
Therefore, erasing and rewriting is recommended after peeling. 
Sticking a new label over the old one is better than replacing 
a label. 

Allowable temperature range - The allowable environmental 
temperature range of the label should be noted. If it is used 
under conditions outside this range, the paste may stiffen or 
adhere to the label, causing paste to remain on* the window when 
the label is removed. 
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Moisture resistance - The allowable moisture range and 
environmental conditions of the label should be noted. It is 
difficult to find a shade label applicable to all conditions. 
The proper label should be selected depending on the intended 
use of the MCU. 



11. EPROM ON PACKAGE TYPE SINGLE CHIP MICROCOMPUTER HD614P080S/HD614P0160S 
11.1 Overview 

The HD614P080S is a 4-bit single chip microcomputer which can mount a 
standard EPROM 2764/27128 as program memory, and a standard EPROM 27256 for the 
HD614P0160S. 

The HD614P080S/HD614P0160S is pin-compatible with the mask ROM type 
HMCS402C/AC/CL, HMCS404C/AC/CL, HMCS408C/AC/CL and has the same functions 
except for the range of power-supply voltage, ROM/RAM capacity, mask 
option, and package. By modifying the program in the EPROM, they can be 
used for the evaluation or small scale production of the HMCS402C/AC/CL, 
HMCS404C/AC/CL, HMCS408C/AC/CL. 

(1) Hardware Features 

• 4-bit Architecture 

• Capacity of Program Memory (ROM) and EPROM 

4096 words x lO bits HN482764, HN27C64 

8192 words x 10 bits HN4827128 

16384 words x 10 bits HN27256 } HD614P0160S 

• Data Memory (RAM) Capacity 576 digits x 4 bits 

• 58 I/O Pins 26 I/O pins are high voltage (max. 40V) 

• 2 Timer/Counters 

11-bit Prescaler 

8-bit Free Running Counter 

8-bit Auto-reload Timer /Event Counter 

• Clocked Synchronous 8-bit Serial Interface 

• 5 Interrupt sources 

External 2 

Timer/Counter 2 

Serial Interface 1 

• Subroutine Stack 

Up to 16 levels including interrupts 

• Minimum Instruction Cycle Time; 1.29 ys 

• 2 Low Power Dissipation Modes 

Standby - Stops instruction execution while keeping clock generator and 

interrupt functions. 
Stop - Stops instruction execution and clock generation while retaining 

RAM data 

• Clock Generator 

External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 

• Power Voltage Range; 5V ± 10% 



I HD614P080S 
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• I/O Pin Circuit Type 

All standard pins are "without pull-up MOS". 

All high voltage pins are "without pull-down MOS". 

• Shrink Type 64 Pin EPROM On-package 

(2) Software Features 

• Software Compatible with HMCS402C/AC/CL, HMCS404C/AC/CL , HMCS408C/AC/CL 

• Instruction Set Similar to and More Powerful than HMCS40 Series; 99 Instructions 

• High Programming Efficiency with lO-bit ROM/Word; 79 instructions are single- 
word instructions. 

• Direct Branch to ROM Area 

• Direct Addressing to All RAM Area 

• Subroutine Nesting Up to 16 Levels Including Interrupts 

• Binary and BCD Arithmetic Operation 

• Powerful Logic Arithmetic Operation 

• Pattern Generation - Table Look Up Capability - 

• Bit Manipulation for Both RAM and I/O 
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(3) Pin Arrangement 






DnQ; 







|4|o.o 




Dug 








^D. 


0,3[3 






s|d. 


ED°' 


Du[4 






siJd? 




D„[5 










Roo[7 








[3d« 


R01 |T 








[3D3 


Roj|T 




Vcc 


[303 


[§D2 








91D2 


[Id. 


Rio|lO 


2 A, 2 


Au^' 




[3 Do 


Hi 


1 A, 


A13 H 


13 Do 


s||0SC2 




4 A. 


A. 7$ 


^OSC, 


[l]OSCi 








^osc' 


[gTEST 


Rji(lJ 






S^TEST 


«^ RESET 


R}3(T| 


$ A. 


An Jj 






Rnjw 


T A3 




»Hb»3 




Rao0 






47)Rt2 




RAi/VdispQj 


« A, 


A.o 




![|R*o 


R10I2O 


i A. 


cT w 




43 Rm 


Rsid] 


■« Ao 


07 1* 












43 


t^Rii 


R33/fNT7g3 


H Oo 


Oi i» 


«||rsi 


4]]r.o 


Rtog4 


1? 01 


0. .r 




«3R73 


Rs.gs 


■»02 




!gR,3 


53R'2 




0. .< 


3gR72 


IDr,. 


Rs3g7 


<«GNO 


O3 14 


38)R7i 


37|R;o 


Rtogi 






37JR70 


3§R4j 


R..gs 






33H.3 


3§R«2/SO 


Raigo 






3gR42/SO 




R.3g] 






I^R^'/SI 


I^Rioy^ 


Vecgj 






a^R^o/^ 



(Top View) 
HD614P080S 



(Top View) 
HD614P0160S 



(4) Recommended EPROM 



Type No. 


Program Memory Capacity 


W (MHz) 


EPROM Type No. 




4096 words 


4 


HN27C64-30 
HN482764-3 


HD614P080S 


6 


HN27C64-25 
HN482764 




8192 words 


4 


HN4827 128-45 




6 


HN4827 128-25 


HD614P0160S 


16384 words 


4 


HN27256-30 


6 


HN27256-25 



HITACHI 335 



(5) Block Diagram (HD6 I4P080S/HD614P0160S) 



|RA./Vdispr— 
I Rao[—» 



R93 — 
R92 
R91 
R90— • 



R83* 
R82-* 

Rei- 
Rso- 

R;3* 
R72* 
R71-. 

R70-* 
R63-* 
R61« 



R53-. 
R52-. 

Rsi« 
Rso^ 



R5 O 



SERIAL 
INTER- 
FACE 



FU10/R41/R42/ 
SCKSI SO 

{ i t , 



R33/ R32/ 
INT1 INTo 



RESET TEST OSC, 0SC2VccGND 



1 Package 



EXTERNAL 
INTERRUPT 



INTERRUPT CONTROL 



RAM 576x4bit 



SYSTEM CONTROL 



I 



STOP_.r^ 

STBY — Ly~ 



Upper 
(5bits) 



Lower 
(5bits) 



Latch ^ 







CE 






EPROM 


Oa O4 


HN482764 






HN27C64 






HN4827128 




(Note) 






Ai ~ A, 3, Ao 



» ft it 



TV 




Ao 

Control 



mT TTTT iTTWi rTFFFi rTT?T; r'TTFrFFHTTWTTT 

R43R42/R41/R40/ R33/ R 32/R3 1R30 !R23R22R2iR20[ Ri3R,2RnRio! R03R02R01R00 Pi5DMDi3D,2DnDioD9D8D7D6Db D4iD3 D2 D, Do 
SO SI SCK INT, INTo ' " " ' ' *■ ' 



(Note) A1-A13 for the HD614P080S, A1-A14 for the HD614P0160S. 



_ J High Volta(,3 Pins 



(6) Package Dimensions 



Unit: mm (inch) 



• DC-64SP 




iimnnnYnvnynniiiiiiYvnn 



(0.070+0.010) 



(0.019 ±0.004) S 




(0 0I0*""»*) 

^ " "-0.002' 
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n .2 ROM Memory Map 

ROM memory map is illustrated in Fig. 11-1 and ROM is described in the 
following paragraphs. 

(1) Vector Address Area — $0000 to $000F 

Locations $0000 through $000F are reserved for JMPL instructions to branch 
to the starting address of the initialization program and of the interrupt 
service programs. After reset of interrupt routine is serviced, the program 
is executed from the vector address. 

(2) Zero-Page Subroutine Area — $0000 to $003F 

Locations $0000 through $003F are reserved for subroutines. CAL instruc- 
tion allows to branch to the subroutine. 

(3) Pattern Area — $0000 to $OFFF 

Locations $0000 through $0FFF are reserved for ROM data. P instruction 
allows referring to the ROM data as a pattern. 

(4) Program Area — $0000 to $1FFF (HD614P080S) 

$0000 to $3FFF (HD614P0160S) 

n .3 RAM Memory Map 

The MCU includes RAM as the data area and stack area. In addition to 
these areas, interrupt control bits and special function registers are also 
mapped on the RAM memory space. RAM memory map is illustrated in Fig. 11-2 
and described in the following paragraphs. 

(1) Interrupt Control Bit Area -— $000 to $003 

This area is used for interrupt controls, and is illustrated in Fig. 11-3. 
It is accessable only by RAM bit manipulation instruction. However, the 
interrupt request flag cannot be set by software. 

(2) Special Function Registers Area — - $004 to $00B 

The Special Function Registers are the mode or data registers for the 
external interrupt, the serial interface, and the timer /counter . These 
registers are classified into three types: Write-only, Read-only, and 
Read/Write as shown in Fig. 11-2. These registers cannot be accessed by RAM 
bit manipulation instruction. 
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(3) Data Area — $020 to $21 F 

16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown in 
Fig. 11-4. 

(4) Stack Area — $3C0 to $3FF 

Locations $3C0 through $3FF are reserved for LIFO stacks to save the 
contents of the program counter (PC), status (ST) and carry (CA) when 
interruption is serviced. This area can be used as 16 nesting level stack 
which one level requires 4 digits. A save condition is shown in Fig. 11-4. 
The program counter is restored by RTN and RTNI instructions. Status and 
Carry are restored only by RTNI instruction. The area, not used for stacking, 
is available as a data area. 



EPROM ADDRESS 



MCU ROM ADDRESS 



$0000 
$0001 



$001F 
$0020 



$007F 
$0020 



$1FFF 
$2000 



0.0,0, bit4 , bit3 , bit2 , biti . bitO 


lower 5 bit) 

$000F 


_ JMPL Instruction 

(Jump to RESET Routine) 


0.0,0, bit9 , bits , bit? , bite , bit5 


Vector Address 


_ JMPL Instruction 
(Jump to INTo Routine) 

_ JMPL Instruction 
(Jump to INTi Routine) 

_ JMPL Instruction 

~ (Jump to TIMER-A Routine) 
JMPL Instruction 

~ (Jump to TIMER-B Routine) 


Zero-Page Subroutine 
(64 Words) 


\ $0010 
\ $003F 


1 Pattern 

(4096 Words) 


$0040 
$0FFF 


JMPL Instruction 
~ (Jump to SERIAL Routine) 


Program 
(8192 Words) 


$1000 \ 
$1FFF 





$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000A 
$000B 
SOOOC 
$0000 
$000E 
$000F 



NOT USED 
(Set to "000") 



HD614P080S 



Fig. n-1 ROM Memory Map 
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EPROM ADDRESS 



MCU ROM ADDRESS 



SOOOO 
$0001 



$001F 
$0020 



$007F 
$0080 



$1FFF 
$2000 





. . . btt4 . bit3 , bit2 . bitl . bitO 


lower 5 bitl 
upper 5 bitj 

$000F 


_ JMPL Instruction 

(Jump to RESET Routine) 




0.0.0. bits . bits . bit? . bite . bitS 




Vector Address 


_ JMPL Instruction 
(Jump to INTo Routine) 


_ JMPL Instruction 
(Jump to INT J Routinn) 


r Z«ro-Pag« Subroutine 
(64 Words) 


V $0010 

\ $003F 


_ JMPL Instruction 

(Jump to TIMER A Routine) 


_ JMPL Instruction 

~ (Jump to TIMER B Routine) 


[ Pattern 

(4096 Words) 


$0040 
$OFFF 






_ JMPL Instruction 

~ (Jump to SERIAL Routine) 




Proflram 
116384 Words) 


$1000 \ 




$3FFF 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$0OOA 
$0008 
$000C 
$0000 
$000E 
$0OOF 



NOT USED 
(Set to "111") 



HD614P0160S 



Fig. 11-1 ROM Memory Map 








$000 


6 






$000 


31 


RAM -mapped Registers 


$01F 


2 


Interrupt Control Bits 




$001 
$002 


32 






3 






$003 




Memory Registers(MR) 


\^20 


4 


Port Mode Reg. (PMR) 


W 


$004 


47 




$02F 


5 


Serial Mode Reg. (SMR) 


W 


$005 


48 




$030 


6 


Serial Data Reg. Lower (SRL) 


R/W 


$006 








7 


Serial Data Reg Upper (SRU) 


R/W 


$007 




Data 




8 


Timer Mode Reg. A (TMA) 


W 


$008 




(512 Digits) 




9 


Timer Mode Reg. B (TMB) 


W 


$009 








10 


, (TCBL/TLRL) 


R/W 


$00A 


543 




$21 F 




TIMER-B (TCBU/TLRU) 


R/W 


$008 


544 




$220 


\ 






$00C 


959 


Not Used 


$3BF 




Not Used 






960 




$3C0 












Stack 




3T 






$01F 




(64 Digits) 










023 




$3FF 











* Two registers are mapped on same address. 



R : Read Only 
W : Write Only 
R/W : Read/Write 



Timer/Event Counter B Lower (TC8L) 


R 


Timer Load Reg. Lower (TLRL) 


W 


Timer/Event Counter B Upper (TCBU) 


R 


Timer Load Reg. Upper (TLRU) 


W 



Fig. 11-2 RAM Memory Map (HD614P080S/HD614P0160S) 
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IF 
IM 
l/E 
SP 

(Note: 





bit 3 


bit 2 


bit 1 


bit 




IMO 


IFO 


RSP 


l/E 





(IM of INTo ) 


(IF of INTo) 


(Reset SP Bit) 


(Interrupt Enable Flag) 


1 


IMTA 


IFTA 


IM1 


IF1 


(IM Of TIMER-A) 


(IF of TIMER-A) 


(IM of INT,) 


(IF of INTi) 


2 


Not Used 


Not Used 


IMTB 
(IM of TIMER-B) 


IFTB 
(IF of TIMER-B) 


3 


Not Used 


Not Used 


IMS 
(IM of SERIAL) 


IFS 

(IF of SERIAL) 



$000 
$001 
$002 
$003 



Interrupt Request Flag 
Interrupt Mask 
Interrupt Enable Flag 
Stack Pointer 

Each bit in Interrupt Control Bits Area is set by SEM/SEMD instruction, is reset by REM/REMO instruction and is tested by TM/TMO 
instruction. It is not affected by other instructions. Furthermore, Interrupt Request Flag is not affected by SEM/SEMD instruction. 
The content of Status becomes invarid when "RSP" bit and "Not Used" bit is tested. 



Fig. 11-3 Configuration of Interrupt Control Bit Area 



Memory Registers 






Stack Area 


32 


MR(0) 


$ 


020 


960 


Level 


16 


33 


MR(1) 


$ 


021 




Level 


15 


34 


MR(2) 


$ 


022 




Level 


14 


35 


MR(3) 


$ 


023 




Level 


13 


36 


MR(4) 


$ 


024 




Level 


12 


37 


MR(5) 


$ 


025 




Level 


1 1 


38 


MR(6) 


$ 


026 




Level 


10 


39 


MR(7) 


$ 


027 




Level 


9 


40 


MR(8) 


$ 


028 




Level 


8 


41 


MR(9) 


$ 


029 




Level 


7 


42 


MR(10) 


$ 


02A 




Level 


6 


43 


MR(11) 


$ 


028 




Level 


5 


44 


MR(12) 


$ 


02C 




Level 


4 


45 


MR(13) 


$ 


02D 




Level 


3 


46 


MR(14) 


$ 


02E 




Level 


2 


47 


MR(15) 


$ 


02F 


1023 


Level 


1 



PC 13 to PCo 
ST; Status 
CA; Carry 



Program Counter 



$300 



$3FF_ 





bit3 


bit2 


biti 


bitO 




/ 

1020 


ST 


1 

PC .3 


PCTT 


pcTT 


$3FC 


/ 1021 


'pcTo 


h— 1 

PC, 


■pcT 


pcT 


$3FD 


1022 


CA 


— 1 


pc7 


pc; 


$3FE 


1023 


PC7 


PC, 


pcT 


pc7 


$3FF 



Fig. 11-4 Configuration of Memory Register, Stack Area and Stack Position 
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.4 Precautions on using EPROM on Package Type Microcomputer 

Since the ffl)614P080S/HD614P0160S has a special structure with pin sockets 
installed on the surface of the package, the following should be noted when 
using it. 

(1) Do not apply an electrostatic voltage or surge voltage more than the 
maximum ratings to the pin socket pins. This may destroy the LSI permanently. 

(2) When installing this LSI in system products in the same way as the mask ROM 
4-bit single chip microcomputer, observe the following in order to maintain 
good ohmic contact between EPROM pins and pin sockets. 

(a) When soldering the LSI on a printed circuit board, keep pin conditions 
under 250°C within 10 seconds. If these conditions are exceeded, the 
solder fixing the pin sockets may melt and the pins may fall out. 

(b) Keep out detergent or coater from the pin sockets during flux removal 
or board coating. Flux or coater may decrease pin socket contactivity . 

(c) Avoid permanent use of this LSI in places with excessive vibration. 

(d) Since repeated insert ion /removal of EPROMs may decrease pin sockets' 
contactivity, it is recommended to use new ones for your system 
products. 



.5 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


-0.3 to +7.0 


V 




Pin Voltage 


Vt 


-0.3 to Vcc +0-3 


V 


3 


Vcc -45 to Vcc +0.3 


V 


4 


Total Allowance of Input Currents 


2lo 


50 


mA 


5 


Total Allowance of Output Currents 




150 


mA 


6 


Maximum Input Current 


>o 


15 


mA 


7.8 






4 


mA 


9, 10 


Maximum Output Current 


-•o 


6 


mA 


9, 11 






30 


mA 


9, 12 


Operating Temperature 


^opr 


-20 to +75 


'^C 




Storage Temperature 


Tstg 


-55 to +125 


°c 





(Note 1) Permanent damage may occur if "Absolute Maximum Ratings"of the LSI or the EPROM are exceeded. Normal operation should be 
under the conditions of "Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the 
reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage I/O pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all I/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from \/qq to all I/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Do - D3 and R3 - R8. 

(Note 9) Maximum output current is the maximum amount of output current from Vcc ^° ^^ch I/O pin. 

(Note 10) Applied to Do - D, and R3 - R8. 

(Note 11) Applied to RO- R2. 

(Note 12) Applied to D4 - D| 5. 
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11.6 HD614P080S/HD614P0160S Electrical Characteristics 
(1) DC Characteristics 

(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Mamo 
rill 1 voliilc 


1 Col wwiiMl LivJila 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, gCK, 
INTO, INTi 




0.7Vcc 




Vcc+0.3 


V 




Qi 




0.7Vcc 


- 


Vcc+0.3 


V 




OSCi 




Vcc-0.5 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, SCR, 
TNTo, INTi 




-0.3 


_ 


0.22VCC 


V 




SI 




-0.3 




0.22Vcc 


V 




OSCi 




-0.3 


- 


0.5 


V 




Output "High" 
Voltage 


VoH 


SCK.SO 


- Iqh - 1-0 


Vcc- 1.0 






V 




-lOH =0.01 mA 


Vcc -0.3 






V 




Output "Low" 
Voltage 


VOL 




loL = 1.6 mA 




- 


0.4 


V 




Input/Output 
Leakage Current 


Mil 1 


RESET, SCK, 
INTO, INTi, 
SI, SO, OSCi 


Vjn = OV to Vcc 






1 


M 


1 


Current 
Dissipation in 
Operation Mode 


'cc 


Vcc 


Vcc = 5V 


Crystal or 

Ceramic 

Filter 

Respnator 

fosc=4MHz 


- 


- 


2.0 


mA 


2,5 


Current 
Dissipation in 
Standby Mode 


•SBYI 


Vcc 


Maximum 
Logic 
Operation 
Vcc = 5V 


Crystal or 
Ceramic 
Filter 
Resonator 
fosc = 4MHz 


- 


- 


1.2 


mA 


3,5 


•SBY2 


Vcc 


Minimum 
Logic 
Operation 
Vcc = 5V 


Crystal or 

Ceramic 

Filter 

Resonator 

fosc=4MHz 






0.9 


mA 


4,5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vjn (TEST) = Vcc 

~ Vcc-o.av 

Vjn (RESET) =0~0.3V 






10 


MA 




Stop Mode 
Retain Voltage 


Vjtop 


Vcc 




2.0 






V 





{Note 1 ) Output buffer current are excluded. 

(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST - Vcc voltage 

• D0-D3, R3-R9 - Vcc voltage 

• D4-D,s, R0-R2, R^, Rai - Vcc to|Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER A; -r2 prescaler divide ratio 

• TIMER-8; ^2 prescaler divide ratio 

• SERIAL; Stop 

Pin state; • RESE T - GND voltage 

• TEST - Vcc voltage 

• D0-D3, R3-R9 - Vcc voltage 

•D^-Dis, R0-R2, Raq, Rai - Vcc Vcc-^OV 
(Note 4) The timer/counter .with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER A; ^2048 prescaler divide ratio 

• TIMER-8; -^2048 prescaler divide ratio 

• SERIAL; Stop 

Pin state; • RESE T - GND voltage 

• TEST - Vcc voltage 

• Do - D3 , R3- R9 - Vcc voltage 

• D4-D,s, R0-R2, Rao. Rai - VcctoVcc-40V 

(Note 5) The consumption of current in operation and standby mode is proportional to fosc- When fosc = ^ [MHz] , 
the value of each current is calculated as follows. 

max. value (fosc = "X max. value (fosc = 4 [MHz]). 
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(2) Input/output characteristics for standard pin 

(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 




Input "High" 
Voltage 


V,H 


Do - Da, 
R3 - R5, R9 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


Do - Da, 
R3 - R5, R9 




-0.3 




0.22VCC 


V 




Output "Low" 
Voltage 


Vol 


Do - Da, 
R3- R8 


loL = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


MilI 


Do - Da , 
R3- R9 


Vin=OV-Vcc 






1 


MA 


1 


(Note 1 ) Output buffer current are excluded. 

(3) Input/output characteristics for high voltage pin 

(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified.) 


Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di5, R1 
R2, Rao, Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - Di5, R1 
R2, Rao, Rai 




Vcc-40 




0.22Vcc 


V 




Output "High" 
Voltage 


VoH 


D4 - Dis 


-•oh ^ 15mA 


Vcc-3.0 






V 




-Iqh =9mA 


Vcc-2.0 


RO - R2 


— Iqh - 3mA 


Vcc-3.0 






V 




-'oh = 1.8 mA 


Vcc-2.0 


Output "Low" 
Voltage 


Vol 


D4 - Dis 
RO - R2 


150k« to Vcc-40V 






Vcc-37 


V 




Input/Output 

Leakage 

Current 


HilI 


D4 - Dis 
RO - R2 
^Ao, Rai 


Vjn = Vcc-40V to Vcc 






20 


ma 


1 



(Note 1 ) Output buffer current are excluded. 
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(4) AC characteristics 

(Vcc=4.5V to 5.5V, 6ND=0V, Ta=-20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 




min 


typ 


max 


rystal 
anator 


Oscillation Frequency 




OSC, , OSCj 


divide-by-8 


0.4 




6.2 


MHz 




Instruction Cycle Time 


tcyc 




rl i\/iHp-h\/»R 


1.29 




20 


/is 






Oscillator Stabilization 
Time 


tRC 


OSC, . OSC J 








20 


ms 


1 


» 


Oscillation Frequency 


fo« 


OSC,. OSC J 


divide-by-8 


0.4 




6.2 


MHz 




U (0 

p g 


^— T" _ _. 

Instruction c^ycle Time 


tcyc 




divide-by-8 


1.29 




20 


fJLS 




Cerai 


Time 


tRC 


OSC,, OSC 2 




— 




20 


ms 


1 




External Clock Frequency 


fcP 


OSC, 


divide-by-8 


0.4 




6.2 


MHz 


2 


u 
o 


External Clock "High" 
Level Width 


tCPH 


OSC, 


o 

diviQe:by-o 


70 






ns 


2 


rnal CI 


External Clock "Low" 
Level Width 


*CPL 


OSC, 


divide-by-8 


70 


- 


_ 


ns 


2 


0) 
X 


External Clock Rise Time 


tcPr 










20 


ns 


2 




External Clock Fall Time 


^CPf 


OSC, 




_ 


_ 


20 


ns 


2 




Instruction Cycle Time 


tcyc 






1.29 


- 


20 


jUS 


2 


INT 


"High" Level Width 


tjOH 


INTo 




2 






tcyc 


3 


INTo "Low" Level Width 


t|OL 


1 IN i 




2 






tcyc 


3 


iFTi "High" Level Width 


t|1H 


TTsTn 




2 






tcyc 


3 


TNT 


i "Low" Level Width 


t|1L 


TNTT 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=lMHz 
Vin = OV 






15 


PF 




Reset Fall Time 


tRSTf 










20 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqq reaches 4.5V at "Power-on", or after RESET input 

level goes "High" by resetting to quit the stop mode by MCU reset. At power ON or recovering from stop mode, apply RESET input 
more than tpQ to obtain the necessary time for oscillator stabilization. The circuits used to measure the value are described below. 
When using crystal or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator 
stabilization time depends on the circuit constant and stray capacity. 




(Note 2) 



Vcc-O.BV-jC^ 

/- — tcPH- 

tCPr 



lAcp - 



Crystal: 6.0 [MHz] 

NC-18C (Nihon Denpa Kogyo) 

Rf- 1 tMfl] ± 2%, C, - C, - 20 [pF] ± 20% 



[Ceramic! j 
liter ^< 



OSCi 



OSCa 



GND 

Ceramic filter: CSA6.00 MG (Murata) 

Rf - 1 [MSI] ± 2%, C, - Cj - 30 [pF] ± 20% 



INTJNt. 0.7VCC , 
0.22VCC-/ ' 



t|OL. till 



0.22VCC- 



0.22VCC 
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(5) Serial interface timing characteristics 

(Vcc=4.5V to 5.5V, GND=OV, Ta=-20 to +75°C, if not specified.) 



At Transfer Clock Output 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 


(Note 2) 


1 


- 


- 


tcyc 


1,2 


Transfer Clock "High" 
Level Width 


tscKH 


SCK 


(Note 2) 


0.5 






^Scyc 


1,2 


Transfer Clock "Low" 
Level Width 


tsCKL 


SCK 


(Note 2) 


0.5 






^Scyc 


1,2 


Transfer Clock Rise Time 


tsCKr 


SCK 


(Note 2) 






100 


ns 


1,2 


Transfer Clock Fall Time 


tsCKf 


SCK 


(Note 2) 






100 


ns 


1,2 


Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1.2 


Serial Input Data Set-up Time 


tssi 


SI 




300 






ns 


1 


Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 


1 


• At Transfer Clock Input, 


Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Transfer Clock Cycle Time 


^Scyc 


SCK 




1 






tcyc 




Transfer Clock "High" 
Level Width 


^SCKH 


SCK 




0.5 






^Scyc 




Transfer Clock "Low" 
Level Width 


tsCKL 


SCK" 




0.5 






tscyc 




Transfer Clock Rise Time 


tsCKr 


SCK 








100 


ns 




Transfer Clock Fall Time 


tsCKf 


SCK 








100 


ns 




Serial Output Data 
Delay Time 


toso 


SO 


(Note 2) 






250 


ns 


1,2 


Serial Input Data Set-up Time 


^SSI 


SI 




300 






ns 




Serial Input Data Hold Time 


^HSI 


SI 




150 






ns 





(Note 1) Timing Diagram of Serial Interface 



SCK Vcc -2.0V(0.7Vcc)*^ 
0.8V(0.22Vcc) * 



-I— -tSCK* tsCKf 



XVCC-2.0V \y~ 



V 



x: 



/ \0-22Vcc \ 



(Note 2) Timing Load Circuit 



Test J 
Point 



* Vcc-2.0V and 0.8V are the threshold voltage for transfer clock output. 
0.7Vcc and 0.22 Vqc are the threshold voltage for transfer clock input. 

Vcc 

Rl =2.6kft 



if^ --1S2074® 
30pFlj12kQ --O' Equlv. 
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(6) Characteristics Curve (Reference data) 



4 

_ 3 
< 

6 

1^ 2 



Ta = -2 
Vcc = 5 


0~+75 


°C 


















"max. 



























2 3 4 

fosc(MHz) 

'cc VS. fosc characteristic 
(crystal, ceramic resonator) 



Ta=- 
fosc = 


-20- 4 
4MHz 


75 C 













































2 3 4 5 

Vcc(V) 

Ice vs. Vcc characteristic 
(crystal, ceramic resonator) 




fosc(MHz) 

IsBY VS. fosc characteristics 
(crystal, ceramic resonator) 



2.0 
1.6 

< 

I 1.2 

CO 
JO 

0.8 

CO 

0.4 



Ta=- 
fosc = 


-20 - 4 
4MHz 


75"C 


















"SBY1 
max. 










y 

3^ 


ISBY2 
max. 

























1 2 3 4 5 

Vcc(V) 

•sBY VS. Vcc characteristics 
(crystal, ceramic resonator) 



1 1 

Ta = -20 ~ -^75°C 






























5.5V — 










vcc= 






















^Vc( 


;=4.5V . 




























— 

















































































1 2 3 

Vol(V) 

Iql VS. Vol characteristics 
(Standard Pin) 



1 1 1 1 

Ta = -20 ~ +75°C 














































:=5 


.5V 














































































'vc 




.5V 



































































































































































" 1 2 3 4 5 

vcc-Voh(v) 
-lOH min. VS. (Vcc-Vqh) characteristics 
(D4 -> Di5 pins) 
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1 1 1 
Ta--20 ~ +75° 


























iV 


















































































.5V 


































































































































\ 5 



VCC-V0H<V) 
— Iqh (Vqc— Vqh) characteristics 

(RO — R2 pins) 



HITACHI 347 



12. EPROM ON PACKAGE TYPE MICROCOMPUTER HD614P180/HD40P4181 
12.1 Overview 

The HD614P180/HD40P4181 are 4 bit single-chip microcomputer which can 
mount a standard EPROM 2764/27128 for program memory. 

The HD614P180/HD40P4181 are pin compatible with the mask ROM type 
HMCS412C/CL/AC and HMCS414C/CL/AC , and have the same function as them 
except power supply voltage range, ROM capacity, RAM capacity, mask 
option, and package. By modifying the program in the EPROM, the 
HD614P180/HD40P4181 can be used for the evaluation of the HMCS412C/ 
CL/AC and HMCS414C/CL/AC or for small-scale production. 

(1) Hardware features 
o 4-bit Architecture 

o Application to 4k, 8k words x IQ bits of EPROM 

4096 words x 10 bits HN482764, HN27C64 

8192 words x 10 bits HN4827128 

o Data Memory (RAM) Capacity 576 digits x 4 bits (HD614P180) 

992 digits x 4 bits (HD40P4181) 
o 36 I/O Pins - 24 I/O pins are high voltage up to 40V (max), 
o Timer/Counter 

11-bit Prescaler 

8-bit Auto-reload Timer/ Event Counter 
o 3 Interrupts 

External 2 
Timer /Counter 1 
o Subroutine Stack 

Up to 16 levels including interrupts 
o Minimum Instruction Execution Time; 1.29 ys (HD614P180) , 0.89 ys (HD40P4181) 
o 2 Low Power Modes 

Standby - Stops instruction execution while keeping clock generator 
and interrupt functions included Timer/Counter and Serial 
Interface in operation 
Stop - Stops instruction execution and clock generation while 
retaining RAM data 
o Clock Generator 

External Connection of Crystal Resonator or Ceramic 
Filter Resonator (externally drivable) 
o Power Voltage Range; 5V ± 10% 
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o I/O Pin Circuit Form 

All standard pins are "without pull-up MOS". 

All high voltage pins are "without pull-down MOS". 
o Shrink Type 42 Pin EPROM On-package 

(2) Software features 

o Software Compatibel with HMCS412/414 

o Instruction Set Similar to and More Powerful than HMCS40 Series; 
98 Instructions 

o High Programming Efficiency with lO-bit ROM/Word; 78 instructions are 

single word instructions, 

o Direct Branch to All ROM Area 

o Direct or Indirect Addressing to All RAM Area 

o Subroutine Nesting Up to 16 Levels Including Interrupts 

o Binary and BCD Arithmetic Operation 

o Powerful Logic Arithmetic Operation 

o Pattern Generation - Table Look Up Capability - 

o Bit Manipulation for Both RAM and I/O 



(3) Pin arrangement (Top View) 



Dl2 


[I 







42] Dn 


D,3 


d 






41] D,o 


0l4 


d 






^ D9 


RAl/Vd,sp 


E 






U Ds 


Roo 


n 


OVcc 


VccO 


38) D7 


Roi 


d 


Au 


VccO 


37] De 


Ro2 


d 


A7 


A,30 


m] Ds 


R03 


d 


Ae 


As 


35] D4 


Rio 


d 


OA5 


A9 


E D3 


Rn 




A4 


AnO 


33] Dz 


Rl2 




A3 


GND 


m D, 


Rl3 




A2 


A,oO 


m Do 


R20 


m 


OA, 


CFo 


30) GND 


R21 


m 


Ao 


O7 c 


w) 0SC2 


R22 


m 


OOo 


06 


lU CSC, 


R23 


Di 


00, 


O5 c 


27] Tl^ 


R30 


DZ 


OO2 


04 


26] RESET 


R31 


DI 


GND 


03 


25] R43 


R32/TNT0 








24) R42 


R33/INT; 








23] R41 


Vcc 


m 






M| R40 
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(4) Recommended applicable EPROM 



Type No. 


Program Memory Capacity 


fosc(MHz) 


EPROM Type No. 


HD614P180 
HD40P4181 


4096 words 


4 


HN27C64-30 
HN482764-3 


6 


HN27C64G-25 
HN482764 


8192 words 


4 


HN4827128-45 


6 


HN4827128-25 



(5) Package dimension 



unit: mm (inch) 



DC-42P 



eeeei 



immmmm 



i 2.54tO.25 _^ 
< 10.1 OOtO. 010)* 



fmfi 

1.02 
1^ 10.040) 




T — t 



0.25 



+0.11 
■0.05 



(0010!g§g5) 
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(6) Block diagrams 



Rj3/ R31/ 
Wr, INTo 



TIMER 
B 



±__L 



EXTERNAL 
INTERRUPT 



INTERRUPT CONTROL 



RAM 576X4bit 



i) i) i) 



IE_S 



RESET TEST OSC. OSCi VccGNO 



On-package 



SYSTEM CONTROL 



I 



STOP_Y->. 
STBY— 



Uppor I 

(Sbits) i 



Low«r I 

(Sbits) 1 

Latch ^ I 









EPROM 


O0-O4 


|HN482764 1 




HN27C64 




IhN4827128| 




Ai~Ai3 Ao 




Ao 

Control 



rnr TTTT fTnTi rTFFFi rTRT; f^^TTTlTTTFFFnnTT 

R4jR42R4<R«o Rsj/Rji/RiAio ;'^"R»Ri<R>o; |Rt3RuRiiR«o: R03 R02 RoiRoo: • Di4Di3DwDnDioOsDtDTD« Ds D4|03 D2 Oi Do 

i?iT,i?5T; ' " ' 



HD614P180 



; High voltage 



jRAt/vditpj— RA i::^ 



TIMER 
B 



R3J/ R32/ 
TfiT. INTo 



EXTERNAL 
INTERRUPT 



INTERRUPT CONTROL 



RAM 992 X4bit 



3E 



RESET TEST OSC1 OSCi VccGND 

I I I t .i u 



SYSTEM CONTROL 



ft ft ft 



100 




STOP^-r^ 
STBY— L->~ 



Uppar 

(Sbits) 



CP 



EPROM 



7^00- 04 fMN482764 1 
HN27C64 
IhN4827128J 

A1-A13 Ac 



Ar- 



Ao 

Control 



I 



mr mr i-mTiiTFFFi FRFFFi f^^riTFRTFFFHrTTT 

R41R41R41R40 Rs3 /R3i/R »<<30 |R»R»RiiRiO{ ,Ri3RiiRhRio! RosRoiRoiRoo; • OuDoOuDnDtoOtOBOTD* Os 04*03 Di Di Do 

iNTirFTfo " "* " ■ ' 



HD40P4181 



_jHigh voltage 
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12.2 ROM Memory Map 

ROM is described in the following paragraphs and ROM Memory Map is 
illustrated in Fig. 12-1. 

(1) Vector Address Area $0000 to $000F 

Locations $0000 through $000F are reserved for JMPL instructions to 
branch to the starting address of the initialization program and of 
the interrupt service programs. After reset of interrupt routine is 
serviced, the program is executed from the vector address. 

(2) Zero-Page Subroutine Area — $0000 to $003F 

Locations $0000 through $003F are reserved for subroutines. CAL 
instruction allows to branch to the subroutine. 

(3) Pattern Area — - $0000 to $OFFF 

Locations $0000 through $OFFF are reserved for ROM data. P instruc- 
tion allows referring to the ROM data as a pattern. 

(4) Program Area — - $000 to $1FFF 

12.3 RAM Memory Map 

The HD614P180 includes 576 digits x 4 bits RAM as the data area and 
stack area. Also, the HD40P4181 includes 992 digits x 4 bits RAM. In 
addition to these areas, interrupt control bits and special function 
registers are also mapped on the RAM memory space. RAM memory map is 
illustrated in Fig. 12-2 and described in the following paragraphs. 

(1) Interrupt Control Bit Area— - $000 to $003 

This area is used for interrupt controls, and is illustrated in 
Fig. 12-3. It is accessable only by RAM bit manipulation instruction. 
However, the interrupt request flag cannot be set by software. RSP 
bit is only used to reset the stack Pointer. 

(2) Special Function Registers Area $004 to $00B 

The Special Function Registers are the mode or data registers for 
the external interrupt, the serial interface, and the timer /counter. 
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These registers are classified into three types: Write-only, Read-only, 
and Read/Write as shown in Fig. 12-2. These registers cannot be 
accessed by RAM bit manipulation instruction. 

(3) Data Area — $020 to $21 F [HD614P180] 

$020 to $3BF [HD40P4181] 

16 digits of $020 through $02F are called memory register (MR) and 
accessable by LAMR and XMRA instructions. The configuration is shown 
in Fig. 12-4. 

(4) Stack Area — $3C0 to $3FF 

Locations $3C0 through $3FF are reserved for LIFO stacks to save 
the contents of the program counter (PC) , status (ST) and carry (CA) 
when interruption is serviced. This area can be used as 16 nesting 
level stack which one level requires 4 digits. A save condition is 
shown in Fig. 12-4. The program counter is restored by RTN and RTNI 
instructions. Status and Carry are restored only by RTNI instruction. 
The area, not used for stacking, is available as a data area. 



EPROMT K u:» 



MCU ROM Address 



$0000 
$0001 



$001F 
$0020 



$007F 
$0080 



$1FFF 
$2000 



0.0 , bit4 . b*t3 . bit2 . biti . bitO 


Lower 5 bit 1 
upper 5 bit 1*°^ 

$000F 


_ JMPL instruction 

(Jump to RESET Routine) 


0.0,0, bit9 . bits . bit? . btt6 . bit5 


Vector Address 


_ JMPL Instruction 
(Jump to INTo Routine) 


JMPL Instruction 
(Jump to INTi Routine) 


Zero- Page Subroutine 

(64 Words) 


\ $0010 
\ $003F 






_ JMPL Instruction 

" (Jump to TIMER-B Routine) 


Patterr> 
14096 Words) 


$0040 

\ 

$OFFF 












Program 
(8192 Words) 

i . 1 _J . . . . 


$1000 V 




$1FFF 



$0000 
$0001 
$0002 
$0003 
$0004 
$0005 
$0006 
$0007 
$0008 
$0009 
$000 A 
$000B 
$000C 
$0000 
$000E 
$000F 



Not used 

(Set to "111") 



Fig. 12-1 ROM Memory Map 
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$000 









$000 


31 


RAM-mapped Registers 


$01F 


1 
2 


Interrupt Control Bits 




$001 
$002 


32 




\$020 


3 






$003 




Memory Registers(MR) 


\ 


4 


Port Mode Reg (PMR) j 


W 


$004 


47 




$02F 


5 


Not Used 


$005 


48 




$030 


6 


Not Used 


$006 








7 


Not Used 


$007 




Data 




S 


Not Used 


$008 




(512 Digits) 




9- 


Timer Mode Reg. B (TMB) ! 


W 


$009 








10 


• (TCBL TLRL) ! 
•TlMER-8 


R W 


$00A 


543 




$ 21F 


\ ^ ' 


(TCBU/TLRUI ! 


R W 


$00B 




Not Used 


$ 220 


\ 






$00C 


959 




$3BF 




Not Used 






960 


Stack 


$3C0 








$01F 




(64 Digits) 












1023 




$3FF 











* Two registers are mapped on same address. 



R : Read Only 
W : Write Only 
R/W : Read/Write 



Timer /Event Counter B Lower (TCBL) 


R 


Timer Load Reg. Lower (TLRL) 


W 


Timer/Event Counter B Upper (TCBU) 


R 


Timer Load Reg Upper (TLRU) 


W 



HD614P180 








$000 


6 




$000 


31 


RAM-mapped Registers 


$01F 


2 


Interrupt Control Bits 


$001 
$002 


32 






3 




$003 




Memory Registers(MR) 


S^20 


4 


Port Mode Reg. (PMR) ! W 


$004 


47 




$02F 


5 


Not USMI 


$005 


48 




$030 


6 


Not UsMi 


$006 








7 


Not UsmJ 


$007 








8 


Not Uswl 


$008 




Data 

(928 Digits) 




9- 


Timer Mode Reg. 8 (TMB) ! W 


$009 






10 


TIMCnO* <TCBL TLRL)! R/W 


$00 A 






\ " 


^ (TCBU/TLRU) ! R/W 


$008 








\ 




$ooc 


959 




$3BF 




Not Used 




960 


Stack 


$3C0 






$01F 




(64 Digits) 










023 




$3FF 









4> Two registers are mapped on same address 



R . Read Only 
W : Write Only 
R/W : Read/Write 



Timer/Event Counter B Lower (TCBL) 


R 


Timer Load Reg. Lower (TLRL) 


W 


Timer/Event Counter B Upper (TCBU) 


R 


Timer Load Reg. Upper (TLRU) 


W 



HD40P4181 



Fig. n-2 RAM Memory Map 
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bit 3 


bit 2 


bit 1 


bit 




IMO 
(IM of INTT) 


IFO 
(IF of 


RSP 
(Reset SP Bit) 


l/E 

(Interrupt Enable Flag) 


$000 


Not Used 


Not Used 


IM1 

(IM of int;) 


IF1 

(IF of int;) 


$001 


Not Used 


Not Used 


IMTB 
(IM of TIMER-B) 


IFTB 
(IF of TIMER-B) 


$002 


Not Used 


Not Used 


Not Used 


Not Used 


$003 



IF : Inttrrupt R»quMt Flag 

IM : Intarrupt Mask 

l/E : Intarrupt Enabia Flag 

SP : Stack Pointer 



(Note) Each bit in Interrupt Control Bits Area is set by SEM/SEMD 
instruction, is reset by REM/REMD instruction and is tested 
by TM /TM D instruction . It is not affected by other instructions . 
Furthermore, Interrupt Request Flag is not affected by SEM/ 
SEMD instruction. The content of Status becomes invaid 
when "Not Used" bit is tested. 



Fig. 12-3 Configuration of Interrupt Control Bit Area 



Ma 


mory Registers 




Stack Area 


32 


MR(0) 


$ 020 


960 


Laval 


16 


33 


MR(1) 


$ 021 




Laval 


15 


34 


MR(2) 


$ 022 




Laval 


14 


3S 


MR(3) 


$ 023 




Laval 


13 


36 


MR(4) 


$ 024 




Laval 


12 


37 


MR(5) 


$ 025 




Laval 


11 


38 


MR(6) 


$ 026 




Laval 


10 


39 


MR(7) 


$ 027 




Laval 


9 


40 


MR(8) 


$ 028 




Laval 


8 


41 


MR(9) 


$ 029 




Laval 


7 


42 


MR(10) 


$ 02A 




Laval 


6 


43 


MR(11) 


$ 028 




Laval 


5 


44 


MR(12) 


$ 02C 




Laval 


4 


45 


MR(13) 


$ 020 




Laval 


3 


46 


MR(14) 


$ 02E 




Laval 


2 


47 


MR(15) 


$ 02F 


1023 


Laval 


1 



$3C0 



$3FF_ 





bit3 


bit2 


biti 


bitO 




/ 

1020 


ST 


1 


1 

PCl2 


PCTT 


$3FC 


/ 1021 




PCa 


1 




$3FD 


1022 


CA 


1 

PC7 


-ztH 

PCs 

f 


pc7 


$3FE 


1023 


pc; 


pc7 

1 


PCi 

1 


pcT 


$3FF 



PC13-PC0 ; Program Counter 

ST;Status 

CA;Carry 



Fig. 12-4 Configuration of Memory Register, Stack Area 
and Stack Position 
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12.4 Precautions on using EPROM on Package Type Microcomputer 

Since the HD614P180S/HD40P4181 has a special structure with pin sockets 
installed on the surface of the package, the following should be noted 
when using it . 

(1) Do not apply an electrostatic voltage or surge voltage more than the 
maximum ratings to the pin socket pins. This may destroy the LSI 
permanently. 

(2) When installing this LSI in system products in the same way as the mask 
ROM 4"-bit single chip microcomputer, observe the following in order to 
maintain good ohmic contact between EPROM pins and pin sockets. 

(a) When soldering the LSI on a printed circuit board, keep pin 
conditions under 250°C within 10 seconds. If these conditions 
are exceeded, the solder fixing the pin sockets may melt and the 
pins may fall out. 

(b) Keep out detergent or coater from the pin sockets during flux 
removal or board coating. Flux or coater may decrease pin socket 
contactivity . 

(c) Avoid permanent use of this LSI in places with excessive vibration. 

(d) Since repeated insertion/removal of EPROMs may decrease pin sockets* 
contactivity, it is recommended to use new ones for your system 
products. 
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12.5 Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply Voltage 


Vcc 


—0.3 to +7.0 


V 




Terminal Voltage 


Vt 


-0.3 to Vcc +0.3 


V 


3 


Vcc -45 to Vcc +0.3 


V 


4 


Total Allowance of Input Currents 


Slo 


50 


mA 


5 


Total Allowance of Output Currents 


-Slo 


150 


mA 


6 


Maximum Input Current 


lo 


15 


mA 


7.8 






4 


mA 


9, 10 


Maximum Output Current 


-lo 


6 


mA 


9,11 






30 


mA 


9, 12 


Operating Temperature 


1"opr 


-20 to +75 


'^C 




Storage Temperature 


^stg 


-55 to +125 


•^c 





(Note 1 ) Permanent damage may occur if "Absolute Maximum Ratings" are exceeded. Normal operation should be under the conditions of 

"Electrical Characteristics". If these conditions are exceeded, it may cause the malfunction and affect the reliability of LSI. 

(Note 2) All voltages are with respect to GND. 

(Note 3) Applied to standard pins. 

(Note 4) Applied to high voltage pins. 

(Note 5) Total allowance of input current is the total sum of input current which flow in from all I/O pins to GND simultaneously. 

(Note 6) Total allowance of output current is the total sum of the output current which flow out from V^c to all I/O pins simultaneously. 

(Note 7) Maximum input current is the maximum amount of input current from each I/O pin to GND. 

(Note 8) Applied to Do - Dj and R3, R4 

(Note 9) Maximum output current is the maximum amount of output current from Vcc to each I/O pin. 

(Note 10) Applied to Do -Ds and R3, R4. 

(Note 1 1 ) Applied to RO - R2. 

(Note 12) Applied to 04-0,4 
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12.6 HD614P180 Electrical Characteristics 

(1 ) DC Characteristics (Vcc 4.5V to 5.5V, GND « OV, Ta " -20 to +75''C, if not specified.) 



ixem 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 




Input "High" 


V|H 


RESET, 




0.7VCC 




Vcc+0.3 


V 




Voltage 


OSCi 




Vcc-o.s 




Vcc+0.3 


V 




Input "Low" 




RESET. 
INTo, INTi 




-0.3 




0.22 Vcc 


V 




Voltage 


OSCi 




-0.3 


- 


0.5 


V 




Input/Output 
Leakage Current 


I'ilI 


RESET, 

INTo, TnTi, 
OSCi 


Vin-OVtoVcc 






1 


mA 


1 


Current 
Dissipation in 
Active Mode 


Ice 


Vcc 


Vcc-BV 

fosc « 4MHz, divide-by.8 


- 


- 


2.0 


mA 


2.4 




'SBYI 


Vcc 


Maximum 
Logic 
Operation 
Vcc - 5V 

fosc = 4MHz, divide-by-8 


- 


- 


1.2 


mA 


3 4 


Current 
Dissipation in 
Standby Mode 


'SBY2 


Vcc 


Minimum 
Logic 
Operation 
Vcc-5V 

fosc = 4MH2, divide-by-8 






0.9 


mA 


4.5 


Current 
Dissipation in 
Stop Mode 


'stop 


Vcc 


Vjn (TEST) - VCC-0.3V to Vcc 
Vjn (RESET) -OV to 0.3V 






10 


MA 




Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Output buffer current are excluded. 

(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset st ate in O peration Mode 
Pin state; • RESET, TEST ... Vqc voltage 

• Do ~D3 , R3~ R4 ... Vcc voltage 
.04-0,4. R0--R2,Rai ...Vcc'-Vcc-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Input/Output; Reset state 
(Note 4) The timer/counter with the slowest clock and input/output current does not flow. 
Test Conditions: MCU state; • Standby Mode 

• Input/Output; Reset state 

• TIMER-B;-^2048 prescaler divide ratio 
Pin state; ♦ RESET ... GND voltage 

• TEST ... Vcc voltage 

• Do^Dj, R3~R4 ... Vcc voltage 

• D4~D,4, R0~R2. Rai ... Vcc ~ Vcc-40V 

(Note 5) When fosc"^ [MHz] , the Current Dissipation in Operation nnode and Standby nnoda are astlmated as follows: 
max. value (fosc-^lMHz] )=| x max. value (fosc-^tMHzJ ) 
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(2) Input/output characteristics for standard pin 

(Vcc = 4.5V to 5.5V, GND = OV, Ta = -20 to +75° C. if not specified) 





Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 




typ 




Input "High" 
Voltage 




Do ~ D3, 
R3~ R4 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 




Do~D3, 
R3~ R4 




-0.3 




0.22Vcc 


V 




Output "Low" 
Voltage 


Vol 


Do ~D3, 
R3~ R4 


Iql = 1.6 mA 






0.4 


V 




Input/Output 
Leakage Current 


I'ilI 


Do ~D3. 
R3~ R4 


Vin = OV to Vcc 






1 


MA 


1 



(Note 1 ) Output buffer current are excluded. 



(3) Input/output characteristics for high voltage pin 

(Vcc - 4.5V to 5.5V. GND = OV, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V,H 


D4 ~ Di4, Rl. 
R2, Rai 




0.7Vcc 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V.L 


D4 ~ Di4, Rl, 
R2, Rai 




Vcc-40 




0.22Vcc 


V 




Output "High" 
Voltage 


VoH 


D4 ~ Di4 


-'oh = 15mA 


Vcc-3.0 






V 




-loH = 9 mA 


Vcc-2.0 






V 




R0~ R2 


-Iqh = 3 mA 


Vcc-3.0 






V 




-loH = 1.8 mA 


Vcc-2.0 






V 




Output "Low" 
Voltage 


Vol 


D4 ~Di4, 

R0~ R2 


150kn to Vcc -40V 






Vcc-37 


V 




Input/Output 

Leakage 

Current 




D4 ~ Di4, 

R0~ R2, 


Vin = Vcc-40V to Vcc 






20 


MA 


1 



(Note 1 ) Output buffer current are excluded. 
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(4) AC characteristics (Vcc * 4.5V to 5.5V, GND = OV, Ta = -20 to +75° C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value ^ 


Unit 


Note 


Condi tions 


min 


typ 


max 




'o«c 


OSCi , OSCj 


dlvided-by-S 


0.4 


4 


4.5 


MHz 




Instruction Cycle Time 


^cyc 




divided-by-8 


1.78 


2 


20 


^s 




Oscillator Stabilization 
Time 


^RC 


OSC,, OSCj 






_ 


20 


ms 


1 


f-vt<arrtal f^\rtr>le "Minh" 

CAiciiiai \.«i(Ji<is niyn 

Level Width 


tcPH 


OSC, 


divided-by-8 


100 


- 


- 


ns 


2 


External Clock "Low" 
Level Width 


^CPL 


OSC| 


divided-by-8 


100 






ns 


2 


External Clock Rise Time 


tcPr 


OSC, 








20 


ns 


2 


External Clock Fall Time 




OSC, 






- 


20 


ns 


2 


\fm "High" Level Width 


t|OH 


tnt^ 




2 






tcyc 


3 


INTo "Low" Level Width 


t|OL 


wrs 




2 


- 


- 


tcyc 


3 


FnTi "High" Level Width 


t|1H 


TTsm 




2 






^cyc 


3 


INTi "Low" Level Width 


t|1L 


intt 




2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f=1MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1 ) Oscillator stabilization time is the time until the oscillator stabilizes after Vqc reaches 4.5V at "Power-on", or after RESET 

input level goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering 
from stop mode, apply RESET input more than tRC to obtain the necessary time for oscillator stabilization. When using crystal 
or ceramic filter oscillator, please ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization 
time depends on the circuit constant and stray capacity. 



Crystal oscillator 




Ceramic filter oscillator 
C. 




Crystal: 4.194304MHz NC-18C(Nihon Denpa Kogyo) 
Rf ; 1Mn± 2% 
C, : 22pF ± 20% 
Cj : 22pF ± 20% 



Ceramic filter: CSA4.00MG (Murata) 
Rf : IMnit 2% 
C, :30pF±20% 
Cj : aOpF ± 20% 



1/fCP - 



Vcc-0.5 V-j C= =t- != V 



7VCC- 
022VCC- 



y-t|0H,t|1H— ^tiOL. t|iL 

J- 



(Note 4) 



7Vcc ^ ^ - 



-0.22VCC 
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(5) Characteristics curve (reference data) 















Ta = -2 
Vcc = 5\ 


0~+75 
/ 


















max. 





























fosc(MHz) 

Ice vs. fosc characteristic 
(crystal, ceramic resonator) 



< 

E 



Ta = - 
fosc = 


-20-4 
4 MHz 


75C 


















max 



























2 3 4 5 

Vcc(V) 

Ice vs. Vcc characteristic 
(crystal, ceramic resonator) 



Ta=-2 
Vcc=5> 


0~+75 

\l 


X 




ISBYI 












max. 










ISBY2 












max. 















12 3 4 

fosc(MHz) 

IsBY vs. fosc characteristics 
(crystal, ceramic resonator) 



2.0 
1.6 

< 

I 1.2 

> 
OO 

i 0.8 
0.4 



Ta = - 
fosc = 


20~ + 
4MHz 


75°C 


















ISBYl 
max. 












•SBY2 
max. 

























1 2 3 4 5 

Vcc(V) 

'SBY VS. Vcc characteristics 
(crystal, ceramic resonator) 
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c 3 
1 



i 1 1 

Ta--20 - +75**< 


























Vrr 










































































'v'c 




.5V 



























































































































" 1 2 3 4 5 

VCC-V0H<V) 
— Iqh "lin. vs. (Vqc-Voh) characteristics 
(RO ^ R2 pins) 



362 HITACHI 



12.7 HD40P4181 Electrical Characteristics 



(1) PC characfrittict (Vcc * 4.5V to 5.5V, GND - OV, Ta - -20 to +75*'C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


RESET, 




0.8VCC 




Vcc+0.3 


V 






OSCi 




Vcc-0.5 


- 


Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


RESET, 

TFn^.TlviTr 




-0.3 




0.3Vrr 


V 










-0.3 


- 


0.5 


V 




Input/Output 
Leakage Current 


IiilI 


RESET. 

Ti^,TNT7, 
OSCi 


Vjn = OV to Vcc 


- 


- 


1 


ma 


1 


Current 
Dissipation in 
Active Mode 


•cc 


Vcc 


Vcc = 5V 

^osc 8MHz, divide-by-8 


- 


- 


TBD 


mA 


2,4 


Current 
Dissipation in 
Standby Mode 


•SBY 


Vcc 


Vcc = 5V 

fosc = 8MHz, divide-by-8 






TBD 


mA 


3, 4 


Current 
Dissipation in 
Stop Mode 


Utop 


Vcc 


Vin (TEST) = VCC-0.3V to Vcc 
V|n (RESET) -OV to 0.3V 






10 


ma 




Stop Mode 
Retain Voltage 


Vstop 


Vcc 




2 






V 





(Note 1 ) Output buffer current are excluded. 

(Note 2) The MCU is in the reset state. The input/output current does not flow. 
Test Conditions: MCU state; • Reset sta te in O peration Mode 
Pin state; • RESET, TEST ... Wqq voltage 

• Do - D, , R3 - R4 ... Vcc voltage 

• - D,,, RO - R2. Rai. ... Vcc - VCC-40V 
(Note 3) The timer/counter with the fastest clock and input/output current does not flow. 

Test Conditions: MCU state; • Input/Output; Reset state 
(Note 4) The consumption of current in operation and standby mode is proportion to fojc- 
When fo,c - x (MHz), the value of each current is calculated as follows. 

max. value (fo^c ■ ^) " 5 X max. value (fosc - SlMHz]). 
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(2) Input/output characteristics for standard pin 

(Vcc = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


Do - Da, 
R3-R4 




u./ VCC 






V 




Input "Low" 
Voltage 


V|L 


Do - Da, 
R3-R4 




-0.3 




0.3VCC 


V 




Output "Low" 
Voltage 


Vol 


Do - Da, 
R3- R4 


l0L= l-SmA 






0.4 


V 




Input /Output 
Leakage Current 


IllLl 


Do - Da, 
R3 - R4 


Vin = 0V-Vcc 






1 


ma 


1 


(Notel) Output buffer current are excluded. 

(3) Input/output characteristics for high voltage pin 

(Vcc = 4.5V to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 


Item 


Symbol 


Pin Name 


Test Conditions 


Value 


Unit 


Note 


min 


typ 


max 


Input "High" 
Voltage 


V|H 


D4 - Di4, R1 
R2, Rai 




0.7VCC 




Vcc+0.3 


V 




Input "Low" 
Voltage 


V|L 


D4 - D,4, R1 

R2, Rai 




Vcc-40 




0.3VCC 


V 




Output "High" 
Voltage 


VOH 


D4 -Di4 


-•0H = ''5mA 


Vcc-3.0 






V 




— 'oh = 10mA 


Vcc-2.0 






V 




-IOH = 4mA 


vcc-10 






V 




RO - R2 


-lOH = 3mA 


Vcc-3.0 






V 




-lOH = 2mA 


VcC-20 






V 




-lOH = 0.8mA 


Vcc-10 






V 




Output "Low" 
Voltage 


Vol 


D4 -Di4 
RO - R2, 


IBOkn to VCC-40V 






VcC-37 


V 




Input/Output 
Leakage Current 


lilLl 


D4 - Di4 

RO - R2, Rai 


Vin = VCC-40V to Vqc 






20 




1 



(Note 1 ) Output buffer current are excluded. 
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(4) AC characteristics (Vcc = ^-SV to 5.5V, GND = OV, Ta = -20 to +75°C, if not specified.) 



Item 


Symbol 


Pin Name 


Test 


Value 


Unit 


Note 


Conditions 


min 


typ 


max 


Oscillation Frequency 


^osc 


ObUi , OSC2 


aivideci-Dy-o 


0.4 


8 


9 


MHz 




Instruction Cycle Time 


tcyc 




divided-by-8 


0.89 


1 


20 


jUS 




Oscillator Stabilization Time 


tRC 


OSCi.OSCa 




- 


- 


20 


ms 


1 


External Clock "High" 
Level wiatn 


tCPH 


OSCi 


divided-by-8 


41 






ns 


2 


External Clock "Low" 
Level Width 


tCPL 


OSCi 


divided-by-8 


41 


- 


- 


ns 


2 


External Clock Rise Time 


tCPr 


OSCi 




_ 


_ 


15 


ns 


2 


External Clock Fall Time 


tCPf 


OSCi 




_ 


_ 


15 


ns 


2 


TnT^ "High" Level Width 


t|OH 


INT^ 




2 


- 


- 


^cyc 


3 


INT^ "Low" Level Width 


t|OL 


INT^ 




2 






tcyc 


3 


UN 1 1 nign Level widtn 


t|1H 


INTj 




2 






tcyc 


3 


INT, "Low" LpvpI Width 


■^1 1 L 






2 






tcyc 


3 


RESET "High" Level Width 


tRSTH 


RESET 




2 






tcyc 


4 


Input Capacitance 


Cin 


all pins 


f = 1MHz 
Vin = OV 






15 


pF 




RESET Fall Time 


tRSTf 










20 


ms 


4 



(Note 1) Oscillator stabilization time is the time until the oscillator stabilizes after Vcc reaches 4.5V at "Power-on", or after RESET input level 

goes to "High" by resetting to quit the stop mode by MCU reset on the circuits below. At power ON or recovering from stop mode, apply 
RESET input more than tpc obtain the necessary time for oscillator stabilization. When using crystal or ceramic filter oscillator, please 
ask a crystal oscillator maker's or ceramic filter maker's advice because oscillator stabilization time depends on the circuit constant and 
stray capacity. 



Crystal oscillator 



7777- 
GND 



rystala5 
HI U 



Ceramic filter oscillator 
C, 




Crystal: 8.388608MHz NC-18 (Nihon Denpa Kogyo) 
Rf : ^Mn ± 20% 
C, : 10pF ± 20% 
Cj : lOpF ± 20% 



Ceramic filter: CSA8.00MT (Murata) 



1 Mfi ± 20% 
30pF ± 20% 
30pF ± 20% 



VCC-0.5V-C- 
OSC, /- — «CPH- 

tCPr <CPf 



lAcp - 



iNTTiNT; 0-8Vcc 
0.2Vcc-/ 



± 1_ / 



RESET 0-8VCC 
0.2Vcc-y 



0.2Vcc 



tRSTf 
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13. PROGRAM DEVELOPMENT PROCEDURE AND SUPPORT SYSTEM 



13.1 Overview 

The cross assembler and hardware simulator using various types of computers 
are prepared by the company as supporting systems to develop user's programs. 
User's programs are mask programmed into ROM and delivered as an LSI by 
Hitachi. 

Fig. 13-1 shows the typical program design procedure and Table 13-1 shows 
system development support tools for the HMCS400 series used in this process. 




Fig. 13-1 Program Design Procedure 

(Description) 

(T) When the user programs the system for the HMCS40Q series microcomputer, 
functional assignment of each I/O pin and allocation of RAM area in 
accordance with the design system must be specified before actual 
programming. 

(2) A flowchart is prepared to implement the functions and is coded by using 
the HMCS400 series' mnemonic codes. 
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Write a source program using the text editor and save it on a floppy disk. 

Assemble and debug the source program and generate an object program. 

Verify the program through hardware emulation with an emulator, H68SD5/5A, 
H680SD200 or EPROM on package type microcomputer. 

Forward the completed program to Hitachi in the form of an EPROM. Send 
also "Single-chip microcomputer order specification" and "Mask option list" 
at this time. 

ROM and mask option are masked by Hitachi. The LSI is tentatively produced 
and the sample given to the user. If the user does not detect any 
programming programs, mass production can be started. 
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Table 13-1 System Development Support Tool 





HMCS402C/404C/408C 

HMCS402AC/404AC/408AC 

HMCS402CL/404CL/408CL 


HMCS412C/414C 

HMCS412AC/414AC 

HMCS412CL/414CL 


^ Series 
Partition — .^^^^^^^ 


Emulator (Note 1) 


H400CMIX2 

HS408EML02H 

HS408EMX22H 


EPROM on-package (Note 2) 
type microcomputer 


HD614P080S 
HD614P0160S 


HD614P180 
HD40P4181 


EPRON in-package (Note 3) 
type microcomputer 


HD4074008 





(Note 1) Use the emulator with connecting to the H68SD5/5A or H680SD200. 
Can be used in stand-alone. 

(Note 2) Specifications of power supply and mask option are not applicable. 
(Note 3) Specifications of power supply and mask option are not applicable 
for the HD4074008. 



Software 



Host computer 


Cross assembler 


Interface software 


H68SD5/5A 


S400XAS3F (FDOSIII/IV) (Note 2) 


S68EML1-F (Note 2) 


H680SD200 


S400XAS6M (CP/M-68k) (Note 3) 


S680EML1F (Note 3) 


INTELLEC® SERIES II 
MODEL 220/230 


S400MDS1F (for ISIS-II®) 

S400MDS2F (for CP/M-80®) 

(Note 1) 




VAX/VMS 


S400VAS1F 


HMSI SW BOX 


IBM PC-DOS 


AS400PAI1SF (Note 4) 


S31IEM1-F (Note 4) 


HP64000 


S400MDS2F (for CP/M®) 


IN3EVM (Note 5) 



(Note 1) ISIS-II® is a registered trademark of Intell. 

CP/M-68k and CP/M® are registered trademarks of Digital Research. 
(Note 2) This is included in the H400CMIX2. 
(Note 3) This is included in the HS408EMX22H. 
(Note 4) Overseas makers sell it. 
(Note 5) Sophia Systems Corp. sell it. 
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13.2 Development System 



13.2.1 H68SD5A Development System 

The H68SD5A is a development system capable of developing system programs 
for the Hitachi 4-bit and 8-bit single-chip microcomputers. It offers 
high-level functions such as CRT display operations, assembler (based on 
floppy disk), and debugging with emulator. Software and hardware configura- 
tions are shown in Fig. 13-2, 13-3, respectively. 




Features 

o Basic systems such as a CRT display, keyboard, and floppy disk drivers are 
provided at a moderate price. 

o Easy to debug hardware and software by emulator (option) suited for each 
kind of MCU. 

o The J68SD5A can perform system development through a CRT editor, assembler, 
linkage editor, emulator, and EPROM writer (Note 1). 

o System configuration corresponding to the purpose of development is provided 
by easy connection of I/O devices such as a printer (parallel interface), 
a console typewriter (serial interface), and an EPROM writer. Serial 
interface of the H68SD5A is completely provided with 3 circuits (1 circuit 
for H68SD5) . 

o Allows program development of other products by exchanging emulator software. 

Note 1) Use the following EPROM writers available on the market. 
AVAL CORPORATION; PKW-7000, PKW-IOOO 
DATA I/O ; 29A, 29B 
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FDOS-IV 






Monitor 



CRT editor 



Linkage editor 



til 



"2 standard 
configuration 



I Expanded 
configuration 



Fig. 13-2 H68SD5 Software Configuration 



Main module 



5 



o 





CRT 
controller 

—A 



Floppy disk 

driver 

controller 

7\ — 




EPROM writer 
(AVAL Corp.) 
(DATA I/O) 

— 6 <reserve> 

■ 




*1: Option *2: User system 



Fig. 13-3 H68SD5 Hardware Configuration 
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13.2.2 Development System H680SD200 

The H680SD200 is a desk top type development support tool devoted to design 
and develop application systems (4-bit, 8-bit, 16-bit micon system) which 
make use of the 16-bit microprocessor HD68000. Its front view is shown in 
Fig. 13-4. 

The H680SD200 consists of a CRT, two floppy disk drivers, and control 
sections in one body. The hardware configuration is shown in Fig. 13-5. 
The H680SD200 incorporates parallel interface (equivalent to CENTRONICS*) 
and serial interface for EPROM writer. The emulator for the HMCS404, HD6301X, 
HD6301Y, and ASE for the real time emulator 68000, and ASE for the 64180 
can be connected to the H680SD200. Refer to Fig. 13-7 and 13-8. 

Software configuration is shown in Fig. 13-6. Assembler, C compiler, and 
CRT editor operate under the operating system CP/M-68K®, and FORTRAN, super 
PL/H (option) are provided as high level language compiler for the HD68000. 

Features of the H680SD200 are listed below. 

(1) General operating system CP/M-68K is applied. 

(2) CRT editor which can edit on CRT display is equipped. 

(3) 2M bytes of memory can be used by double sided floppy disk driver. 

(4) C language, high level language for 68000 is equipped. 

(5) High level language super PL/H and FORTRAN can be used for 68000 program 
development . 

(6) Real time emulator 68000ASE for 68000 (12 . 5MHz max) and ASE for 64180 can 
be used. (Option) 

(7) Printer interface (equivalent to CENTRONICS*) and EPROM writer interface 
(equivalent to RS-232C) are provided to make printer-EPROM writer connection 
easy. Model PKW-7000/PKW-lOOO (EPROM writer of AVAL CORPORATION) and 
Series 22, Model 29A (DATA I/O) can be connected. (Option) 

(8) Additional equipment of serial I/O board can supports emulator interface 
to 4-bit or 8-bit device and VAX-11 interface. (Option) 

(9) Assembler super PL/H is supported as 68000 symbolic debugger. (Option) 
(10) High speed operation can be realized using RAM disk. 

CP/M-68K® is a registered trade mark of Digital Research. 
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Fig. 13-4 Front View of H680SD200 
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Fig. 13-5 Hardware Configuration 
of H680SD200 
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Fig. 13-6 Software Configuration of H680SD200 
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Fig. 13-7 Emulator for 4-bit/8-bit 
Singlechip 



Fig. 13-8 ASE for 8-bit/16-bit Multichip 
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13.3 Emulator 

This emulator is a completely integrated hardware and software development 
system for Hitachi's 4-bit singlechip microcomputer HMCS400 series. It 
supports the following devices. 

HMCS402C/CL/AC, HMCS404C /CL/AC , HMCS408C /CL/AC 
HMCS412C/CL/AC, HMCS414C /CL/AC 
HMCS424C /CL/AC, HMCS428C /CL/AC 

The emulator develops application system by connecting to a host computer 
or console. It provides three system configurations depending on the 
host computer or console. 

o H400CMIX2 for H68SD5 or H68SD5A 
o HS408EMX22H for H680SD200 

o HS408EML02H for the host computers or consoles except for above. 



13.3.1 Features 

o Designed to aid in development of software and hardware when connected 
with the user system. 

o Can be connected with host system (H68SD5/5A, H680SD200, IBM-PC, etc.) 
CRT console, and console typewriter. 

o Takes in and displays the result of the user program execution in real 
time up to 2,048 cycles. 

o Provides eight external probes, which observe user system, operations with 
real-time trace, useful as breakpoint conditions. 

o Provides HELP function to display all commands used in the emulator. 

o Can debug with the specified frequency. 
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o Break function 

- Enables to set four breakpoints by any combination of program counter, 
instruction word, interrupt processing execution and external prove 
state. 

- Enables to execute continuously machine cycles to 2000 after the above 
breakpoint (trigger point). 

o Line assembler and disassembler 

- Can display and /or change the user object program in mnemonics. 

- Displays the user object program in the specified address in mnemonics, 
o Displays the address (in the user object program) of detected instruction. 

o Displays the execution time. 

o Displays the trace data for program testing. 

o Displays and/or changes MCU register, I/O ports and memory contents, 

o Program can be executed on RAM or EPROM based. 

The H400CMIX2 (for H68SD5/5A)/ HS408EMX22H (for H680SD200)/ HS408EML02H 
(for other host systems) emulator supports software and hardware when connected 
with the HMCS400, 410, 420 series 4-bit Microcomputer Unit (MCU). 

Normal development procedure is; 

(1) make or change the user system, 

(2) translate to user object program by 400 assembler on host system, 

(3) download user object program through the serial interface, 

(4) set the breakpoints at any conditions, 

(5) execute real-time or single-step emulation from the specified address, 

(6) display and /or change user object program in mnemonics, MCU internal 
registers, I/O ports and internal RAMs, 

(7) repeat steps (4) to (6) and upload to host system for debugging at 
next time. 

The emulator itself works as the object MCU. The emulator is controlled 
by host system, CRT console, or console typewriter. 

BREAKPOINT FUNCTION 

H400CMIX2/HS408EMX22H/HS408EML02H allow the user to set four break 
conditions (TR, BRl to BR3) in the user program. Each break condition 
consists of PC (Program Counter) or AB (Address Bus), DB (Data Bus), 
Interrupt an eight external probe signals. When one of break condition is 
detected, the emulator stops the user program, and displays the next PC, next 
instruction, execution time, MCU register and I/O contents and internal RAM 
contents. TR, one of break conditions, stops the user program after 
proceeding the machine cycles designated by COUNT if break condition matches. 



REAL-TIME TRACE 

H400CMIX2/HS408EMX22H/HS408EML02H can display execution results of up to 
2047 machine cycles. They have two display types, one is to display by the 
instruction unit, the other one is to display by the machine cycle unit. The 
former one displays only program counter and instruction mnemonics, the latter 
displays address bus, data bus, interrupt occurrence and eight external probes 
in each machine cycle. 

DISPLAY /CHANGE IN MNEMONICS 

H400CMIX2/HS408EMX22H/HS408EML02H have two display and/or change commands. 
One is I command which is executed in hexadecimal, the other is A command which 
is executed in mnemonics. Command A is very useful for debugging. And 
H400CMIX2/H408EMX22H/HS408EML02H display in mnemonic instruction. They are 
disassemble and display the object program in the specified address with DA 
command . 

DEBUG WITH A SPECIFIED FREQUENCY 

H400CMIX2/HS408EMX22H/HS408EML02H allow some frequency. The frequency is 
expressed as the clock cycle in user's manual; the cycles should be lys, 
1.33ys, 2ys, 3ys, 4ys, 5ys, 7ys, lOys, 20ys. They won't allow other frequency 
than the above. They select EXT by F command and input the specified 
frequency to OSC pin. 

COVERAGE TRACE 

Coverage trace marks the passed address into coverage memory. Coverage 
function is effective to know which address will be tested. This coverage 
memory can't be cleared by "G" or "S" command but can be cleared by CO RES 
command. When starting the test of the user program, clear the coverage 
memory. For the next step, test the user program with G or S command. G or 
S command execution marks the passed address into coverage memory. Check the 
passed address and continue the test until all specified addresses were passed. 

EXECUTION ON USER SYSTEM POWER SUPPLY 

H400CMIX2/HS408EMX22H/HS408EML02H emulate on 3V to 5V. Since H400CMIX2/ 
HS408EMX22H/HS408EML02H themselves work 5V ± 5%, connect Vqq to 
power supply for emulator. However, since evaluation chip works on user 
system power supply (3V to 5V) , connect Vus to user system Vqq 
and Vdisp to power supply for display (0 to -35V) . 
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Hardware Configuration of the Emulator 



13.3.2 System Configuration 

(A) Connected with SD5/SD5A/SD200/IBM-PC/the other HOST 

}u::: 




H400CMIX2/HS408EMX22H User's System 

il /HS408EML02H 
(B) Connected with Console typewriter (TTL level) or CRT console 
(RS-232C level) 



17. 



Table 13-2 Connectable Console Typewriter 



Company Name 


TYPE 


CASIO COMPUTER CO. 


Typuter model 750-T-02 


SHARP CO. 


Sharpwriter model 300* 


CITIZEN WATCH CO. 


Protyper model 7652 



*HITACHI Specification 
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13.3.3 Emulator commands 



LUJyirlifyNL/ 


UhbUKir i iUJN 


A 


1 GTvl avc anH mr^H i t\t oV^ t fir> t" r^Y' r\ cry am i n mnornrAn i r« o 

UX.Q^X.a.yo dLiU iUV^U.XJ.jr UUJCi^L. LJi.VJgi.CliU XII iULLCLUU 11 o < 


TT? 


Sets, displays and cancels breakpoints and trigger point. 




c 


P.n'tTTnflT'PQ oKtppI" irroo'T^iTn 

V.<L^lUJ^Cli. C O VJ U J Cl^ L. p i. <J g 1. diu • 


CO 


Coverage tester 


DA 


Disas seirib ler 


F 


Sets and displays clock cycle. 


G 


lyvor* 1 1 1" o c 11COT* r\y n OTT ^vn 
iZiACCU.uc.o Uoci. p i. vj g L dill . 




Displays the emulator command information. 


I 


Displays and modifies object program in hexadecimal. 


ID 


DiiTTrnQ oKippt" irrncTT'ATTi 


10 




T 

Li 


Loads object program. 


M 


Displays and modifies internal RAM. 


MD 


Dumps internal RAM. 


IN 


Designates transfer rate. 


u 


Searches specified bit pattern. 


p 


tUllv-llcts UDJct-L pLUgLdlU. 




Displays data of real—time trace. 


JK. 


Displays and modifies register. 


s 


Single-step trace of user program. 


T 


Transfers object program. 


U 


Sets and displays EPROM/user RAM. 


V 


Verifies object program. 
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13 



.3.4 Host connection conf igulation 



Host 



Configuration 



Item 



Remarks 



1 Cable Connection 
Table 



OS:FDOS-III/IV 



H400CMIX2 



® RS-232C Interface 
Cable 



Included 

in H400CMIX2 



SD5/5A 



SIGNAL 



to M 

■ K 

in cj 

Q < 

c/D H 

00 M 

vo tr! 



EML 




SD5/5A 
19J • 






(D Interface Program 
S68EML1-F 
Cross Assembler 
S400XAS3F 



(3) Format converter 
for 

H68SD5/5A-^H680SD200 
S68CNV1-F 



Provided by 
HITACHI 



GND 
SEND 
RECEIVE 
RTS 
CTS 
GND 
DCD 
DTR 



X 
X 



EMULATOR 



SIGNAL 



GND 
SEND 
RECEIVE 
RTS 
CTS 
GND 
DCD 
DTR 



o / 
O l-l 

O H 
GO M 



OS:CP/M-68K 
HS408EMX22H 

i 



(T) RS-232C Interface 
Cable 




(2) Interface Program 
S680EML1F 

Cross Assembler 
S400XAS6F 



Included 
in 

HS408EMX22H 



Same as above 



(3) SIC Board 
H680SI01S 



Included in 
H680SD200 



OS:PC-DOS 



HS408EML02H 

i 



@ RS-232C Interface 
Cable 



S PQ 




Modify it 
according 
to the right 



IBM-PC 



SIGNAL ao 



(5) Interface Program 
S31IEM1-F 



Provided by 

HITEC~UK/ 

DESC 



(3) 400 Cross 

Assembler for 
IBM-PC 400PASI1F 



Provided by 
HITEC-AS / 
DESC 



GND 
SEND 
RECEIVE 
RTS 
CTS 
DSR 
DTR 
GND 



X 
X 

] 



EMULATOR 



SIGNAL 



GND 
SEND 
RECEIVE 
RTS 
CTS 



GND 



Host 



Configuration 



Item 



Remarks 



1 Cable Connection 
Table 



OS:VMS 



HS408EML02H 



RS-232C Interface 
Cabled) 



Included in 
HS408EML02H 



SW BOX 



SIGNAL 



> ^ 




(2) RS~232C Interface 
Cable (2) 



Connecting 
table is 
TBD. 



(3) Switch Box * 



Provided by 
HMSI 



© 400 Cross 

Assembler for 
VAX-11 S400VAS1F 



Provided by 
HITACHI 



GND 
SEND 
RECEIVE 
RTS 
CTS 
GND 
DCD 
DTR 



X 
X 



EMULATOR 



no SIGNAL 



GND 
SEND 
RECEIVE 
RTS 
CTS 
GND 
DCD 
DTR 



0S:CP/M 



HS408EML02H 

1 a 



® RS-232C Interface 
Cable 



EML 



I o 



IN-III 



Modify it 
according 
to the right 



IN-III 



EMULATOR 



SIGNAL 




(2) Interface Program 
IN3EVM 



Provided by 
SOPHIA 



(M3 



d) 400 Cross 
Assembler 
CP/M S400MDS2F 



Provided by 
HITACHI 



GND 
SEND 
RECEIVE 
RTS 
CTS 
GND 
DCD 
DTR 



X 



20 -J 



SIGNAL 



GND 
SEND 
RECEIVE 

CTS 
GND 



0S:CP/M, 
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HS408EML02H 

i 



Q RS-232C Interface 
Cable 




Connecting 
table is 
TBD. 



(2) Interface Program 
(under planning) 



Planning by 
HITEC-UK/DESC 



(3) 400 Cross 
Assembler 
CP/M S400MDS2F 



Provided by 
HITACHI 



® 400 Cross 
Assembler 
ISIS-II S400MDS1F 



o 
o 

O 

I ^ 



EML 



HS408EML02H OS: CP/M 

jHP-64Q00l 

aK3 




© 400 Cross 

Assembler for 
HP-64000 YS-1005XS* 



Provided by 
YHP 



* Under development 
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13.3.5 Specifications 



MODULE 


ITEM 


SPECIFICATIONS 




MPU 


HD6303X Microcomputer Unit 




Clock 


4MHz 




Serial 
I/O 


Interface level: RS^232C level 

TTL level 
Baud rates: 300,1200,4800, 
9600, 19200, BPS 
(Using HD6850P ACIA) 




User 

Program 

execution 


Programs are executed from 
optional address on the MCU. 


Main 
Module 


User 

program 

break 


* Break at breakpoint 
(breakpoints — max. 4 places) 

* Break after executing the 

one instruction at a single step 

* Break with ABORT key or switch 

* Break at trap 


Real -time 
trace 


Trace memory size: 

. 2048 machine cycle's worth 
trace information. 
Trace information: 

. Program Counter (PC) 
. Instruction Address (AB) 
. Instruction Data (DB) 
. Interrupt Occurrence 

. External Probes 8 

Display Contents: 

. Trace information, op-codes 
and operands listed above 
are displayed in mnemonic. 




Trap 


If an op-code error occurs while executing 
a user program, address of the next 
instruction is displayed. 




Module 
dimensions 


Width: 365mm Length: 275mm 

(14.4 in.) (10.8 in.) 



MODULE 


ITEM 


SPECIFICATIONS 




MCU 


Evaluation chip: HD614088 




Gate 
array 


HD61L033B 




Clock cycle 


1, 1.33 

2, 3, 4, 5, 7, 10, 20 ys, External 


Evalua- 
tion 
Module 


EPROM 
sockets 


User program debugging area: 
16kW (10 bit X 16k) 


Pull-up/ 
pull -down 
resistors 


Pull-up resistors (47kS7) or pull-down resistors 
(200kf2) are mounted at all ports. 




Power MOS 
transistors 


For high voltage ports (2SJ76 x 16) 




Vdisp power 
supply 


to -35V 




Vus Power 
supply 


+3V to +5V 




Module 
dimens ions 


Width: 265mm Length: 275mm 

(10.4 in.) (10.8 in.) 




Power 

supply 

voltage 


DC +5V ± 5% 




Current 
consumption 


4 A(Typ.) 6.5 A(Max.) 


Main 

Module 

and 

Evalua- 
tion 
module 


Environ- 


Operation: 

Temperature 15 to 40 °C 

Humidity: 30 to 85% RH (with no 

condensation) 
Atmosphere: Must be no corrosive 
gases present. 




mental 
conditions 


Storage 

Temperature: 5 to 50 °C 

30 to 90% RH (with no 

condensation) 
Atmosphere: Must be no corrosive 
gases present. 
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13.3.6 Ordering information 



Support Devices 


HMCS402C/AC/CL, HMCS404C/AC/CL , 
HMCS408C/AC/CL, 

HMCS412C/AC/CL, HMCS414C/AC/CL, 
HMCS424C/AC/CL, HMCS428C /AC/CL 


name/ /fe/vZ / / / / / / / / 


Equipment Supplied 


ITEM 


CONTENTS 






y 




/ 


Emulator 


Emulator boards for above devices 


1 


1 


1 




















Cables 


64 pin User System Interface Cable 


1 


1 


1 




















42 pin User System Interface Cable 


1 


1 


1 




















oeriai .l/u L.aDie v,ior nost systemy 


1 


1 


1 




















Power Supply Cable for Vq(^ , Vus, and Vdisp 


3 


3 


3 




















GND reinforcement cable 


1 


1 


1 




















Connector 


• 

Serial I/O Connector (for console) 


1 


1 


1 




















Probes 


External Probe for real-time trace 


1 


1 


1 




















User's Manual 


H408EML02HE (for Emulator) 


1 


1 


1 




















S68EML1EM (for SD5/5A interface) 


1 






1 


















oDOUijJMLiiLn vror ouakjkj mteriacey 




1 






1 
















S400XAS3EM 


1 










1 














S400XAS6EM 




1 










1 












S400VAS1EM 
















1 










S400MDS1EM 


















1 








S400MDS2EM 




















\ 






S68CNV1-EM 






















\ 




Software for SD5/5A 


S68EML1-F (FDOS-IV on SD5/5A) 








1 


















S400XAS3F (FDOS-IV on SD5/5A) 






1 


_ 


_ 


_ 




_ 




Software for SD200 


S680EML1F (CP/M-68k) 


_ 


1 






1 
















S400XAS6F (CP/M-68k) 


_ 




_ 


1 


- 


- 


_ 


- 




Cross Assembler 
for VAX-11 


OHUUVAoir \\rLi>} 


























Cross Assembler 
for MDS 


S400MDS1F (ISIS-II) 


















1 








S400MDS2F (CP/M) 




















1 






Converter for 
SD5/5A - SD200 


S68CNV1-F (on SD5/5A) 






















1 




Your Host Computer 


H68SD5/5A OS: FDOS-III/IV 


o 
























H680SD200 OS: CP/M-68k 




c 






















IBM-PC OS: PC-DOS 






o 


















S31IEM1-F(HITEC-UK/DESC) 
AS 400PASI1F(HITEC-AS/DESC) 


VAX-11 (DEC) OS: VMS 






o 










o 








SW BOX (HMSI) 


IN-III (SOPHIA) OS: CP/M 






p 














o 




IN3EVM (SOPHIA) 


MDS (INTEL) OS: CP/M 






o 














o 






MQS (INTEL) OS: ISIS-II 






o 












o 








HP-64000 (HP) OS: CP/M 






o 


















TS-1005XS (YHP) 



13.4 Single-chip Microcomputer ROM Ordering Procedure 



(1) Development flowchart 

single-chip microcomputer device is developed according to the following 
flowchart after program development. 



Hitachi 



Customer 



Remarks 



3) ROM code *1 

2) Mask Option List*2 

^Ordering Specif ica- 



Computer processing 

I 



tions*3 



ROM code for confirma- 
tion of ROM fabricating 
specif icat ions *A 



OK 



Confirmation of result 
*5 



*1 Paper tape or 2 sets 
of EPROM 

*2 Style by each product 

*3 Common style 



*4 The same ROM code as 
delivered one. 

*5 Send it back after 
partially approving 



Mask 



Sample 



Working Sample*^ 



j: 



Engineering Sample*^ 



Commercial Sample 



Lend) 



(3) Confirmation of func- 
tion, characteristics 
*7, *8 



Confirmation of function, 
characteristics, quality 



*6 Normally 2 or 3 pes. 

*7 Start the following 
flowchart after ap- 
proving 

*8 Send them back after 
approving with 
specified form. 

*9 Normally 9 or 10 pes. 



(Note) Please send in(l),(2), and(3) at ROM ordering, and send back®,® after 
approving. 
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(2) Information to be submitted 

(a) Ordering specifications; standard format for all Hitachi single-chip 

microcomputer devices. Please enter for 
the following items. The format is shown 
on the next page. 
Basic ITEM 

Environmental Check List 
Check List of attached data 
Customer 

(b) ROM code; Include 2 sets of ROM code identical to the EPROM contents, 

with ROM code No. entered on them. A program listing 
is desirable for easy confirmation of program contents. 

(3) Change of ROM code 

Note that if you change the ROM code once sent in or other specifications, 
the ROM must be developed from the beginning. The mask charge must be 
applied again in this case. 

(4) Samples and mass production 

Working Sample; Sample for confirmation of ROM code and that of mask option. 

Normally 2 or 3 samples are sent, but not guaranteed as for 
reliability. Please evaluate and approve immediately because 
the following sample preparation and mass production are 
determined after obtaining your evaluation. 

Engineering Sample; Sample for evaluating device reliability. 10 pes are 
included in mask charge. 

Commercial Sample; Sample for set trial production purchased with compensation. 

Mass Production; Products for actual mass production. Please enter plan of 

mass production in full. Refer to Single-chip Microcomputer 
ROM Ordering Procedure (document No. HMCS-0RD-3M) for 
details . 
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single Chip Microcomputer 
Ordering Specifications 



(1) Basic ITEM (Please fill in blanks or enter check marks: - ) 



Microcomputer Family 




Application (in full) 




Function (in full) 




ROM Code No. 




ROM Code Media 


□ Floppy DEPROM (ROM type name) 


Outline 


□Plastic DIP □Plastic flat package 


Operating Temperature 


□ Standard □J specification (guarantees -ACC 
+85 


Options 





(2) Environment Check List 

This check list is used as data of single chip microcomputer LSI's design 
reliability, but not used to control its performance assurance. Please enter 
usual environmental conditions. 



Microcomputer Ambinet Temperature 


average 


"C 


range 


*»C '^' "C 


Microcomputer Ambient Humidity 


average 


% 


range 


% 'V. % 


Power ON Duration 


average 


hours /day 


Max. Applied Voltage to 
Microcomputer 


power 
supply 


max. V 


I/O 


max. V 


Target Level of Reliability 


□ 500 fit aiOOO fit 


AQL 


□ 1.0 % □o.es % □o.A % 


Remarks 





(3) Check List of Attached Data (Please fill in blanks or enter check marks:- ) 



ROM Code 


□ Attached 


□ Delivered 


□ Delivery data 


Mask Option List 


□ Attached 


□ Delivered 


□ Delivery data 



* For Hitachi's use only 



LSI Type No. 

Shipping Date of ROM Fabricating 
specifications 

Approved Date of ROM Fabricating 
Specifications 



Date of Order 




Customer 




Dept. 




Accepted by 
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HMCS402C/AC/CL 
HMCS404C/AC/CL 
MASK OPTION LIST 



5V Operation ;DHMCS402C, DHMCSAGAC 

High Speed Operation :DHMCS402AC, □HMCS404AC 
3V Operation ;DHMCS402CL, □HMCS404CL 



* Please enter check marks in □ 
X, ^ ) . 



(1) I/O Option Note (I/O options masked by □ are not available.) 



PIN 


INPUT /OUTPUT 


I/O OPTION 


PTM 


INPUT /OUTPUT 


I/O OPTION 


A 


B 


C 


D 


E 








A 


B 


C 


D 


E 


Dq 


(0 

c 


Input /Output 














R30 




Input/Output 












Dl 


'(^ 

-0 

u 


Input/Output 














R3I 




Input /Output 












D2 


CO 

§ 


Input /Output 












R3 


R32 




Input /Output 












D3 


CO 


Input /Output 












R33 




Input /Output 












D4 




Input /Output 














R40 




Input /Output 












D5 




Input /Output 












R4 


R41 




Input /Output 












D6 




Input /Output 












R42 




Input /Output 












D7 


CO 
CJ 


Input /Output 














R43 




Input/Output 












D8 


PM 
0) 


Input /Output 














R50 




Input /Output 












D9 


00 

CO 
u 


Input /Output 












Kb 


R5I 




Input /Output 












Dio 



> 


Input /Output 












R52 




Input /Output 












Dll 


to 


Input /Output 














R53 




Input /Output 












Dl2 


•H 

EC 


Input /Output 














R60 


CO 


Output 












D13 




Input/Output 












R6 


R61 


d 

•H 

ru 


Output 












Dl4 




Input /Output 












R62 


u 


Output 












Dl5 




Input /Output 














R63 


CO 

1 


Output 
























R70 


CO 


Output 






















R7 


R7I 


Output 














Rqo 




Output 












R72 




Output 












RO 


Rqi 




Output 














R73 




Output 












R02 




Output 














R80 




Output 
















CO 


Output 












R8 


R81 




Output 














Rio 


C 

•H 


Input /Output 












R82 




Output 












Rl 


Rii 


Itage 


Input /Output 














R83 




Output 












Rl2 


Input /Output 














R90 




Input 














Rl3 


[igh Vo 


Input/Output 












R9 


R9I 




Input 












R2 


R20 


input /Output 












R92 




Input 












R21 




Input /Output 














R93 




Input 














R22 




Input /Output 












RA 


Rao 




Input 














R23 




Input /Output 












Rai 




Input 


Please Mark 
^Al/Vdisp 



* Please enter "0" in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 

C; CMOS (not be used as Input) 

D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 



Date of Order 




Customer 




Dept. 




Name 




ROM Code Name 




LSI Type Number 
(Hitachi's entry) 
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(2) RAl/Vdisp 



(3) Package 



disp 



□ R^;L;Without Pull-down MOS (D) 



□ ^disp 



Package 



□ DP-64S (shrink package) 



□ FP-64 



* Please enter check marks (■, * Please enter check marks x ,\/ ) 

in applicable item. in applicable item. 

Note) R^]^/Vdisp has to be selected as V^igp pin exept the case that all High 
Pins are option D 



(4) Divider (DIV) 



Clock divide ratio 



Divided-by-8 



(5) 



ROM Code Media 



□ EPROM: Emulator Type 



□ EPROM: EPROM On-Package Microcomputer 
Type 



Check List of Application 



(A) Oscillator (CPG option) 





□ 402C/404C 

(5V Operation) 


□ 402AC/404AC 

(High Speed Operation) 


□ 402CL/404CL 
(3V Operation) 


CPG 
option 


□ Resistor (Rf =20kf2±2%) 






□ Ceramic Filter 


□ Ceramic Filter 


□ Ceramic Filter 


□ Crystal 


□ Crystal 


□ Crystal 


□ External Clock 


□ External Clock 


□ External Clock 



* Please enter check marks (■, x,\y) in applicable item. 
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HMCSA08C/AC/CL 
MASK OPTION LIST 



Please enter check marks in □ 



5V Operation 


□ HMCS408C 


High Speed Operation 


□ HMCS408AC 


3V Operation 


□ HMCS408CL 



Date of Order 




Customer 




Dept. 




Name 




ROM Code Name 




LSI Type Number 
(Hitachi's entry) 





(1) I/O Option 



Note (I/O options masked by Hare not available.) 



PIN 


INPUT /OUTPUT 


I/O OPTION 


PIN 


INPUT /OUTPUT 


I/O OPTION 


A 


B 


c 


D 


E 


A 


B 


c 


D 


E 


Dq 


Standard Pins 


Input /Output 














R30 




Input /Output 












Dl 


Input /Output 














R3I 


TnTiiit" /Oiit'T^iit' 












D2 


Input /Output 












R3 


R32 


Input / Output 














Input /Output 












R33 


Input /Output 












D4 


High Voltage Pins 


Input /Output 














Rao 


Input / Output 












D5 


Input /Output 












R4 


R4I 


Standard Pins 


TrlTMlt* /nilt"T^1lt" 

JLlipU L/VJUl-pUl. 












D6 


Input /Output 












R42 


Input /Output 












D7 


Input /Output 














R43 


Input / Output 












D8 


Input /Output 












R5 


R50 


Tnmit" /niil"r>iit" 












D9 


Input /Output 












R5I 


Tnr\iif" /Oiit"TMit" 












Dig 


Input /Output 












R52 


Input / Output 












Dll 


Input /Output 














Input / Output 












Dl2 


Input /Output 












R6 


Rah 


uucpuc 












Dl3 


Input /Output 












Rat 

'•'•0 i 


uucpuu 












Di4 


Input /Output 












R62 


Output 












Dl5 


Input /Output 












R63 


Output 
















R7 


R70 


Output 












R7I 


Output 












RO 


^0 


High Voltage Pins 


Output 












R72 


Output 












Rqi 


Output 












R73 


Output 














Output 












R8 


R80 


Output 












^3 


Output 












R81 


Output 












Rl 


Rio 


Input /Output 












R82 


Output 












Rii 


Input /Output 












R83 


Output 












Rl2 


Input /Output 












R9 


R90 


Input 












Rl3 


Input /Output 












R9I 


Input 












R2 


^20 


input /Output 












R92 


Input 












R21 


Input /Output 












R93 


Input 












R22 


Input /Output 












RA 


Rao 


High 
Voltage 
Pin 


Input 












R23 


Input/Output 












Rai 


Input 


Please M 
on Rai/V 


ark 
disp 



* Please enter "0" in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 
C; CMOS (not be used as Input) 

D; Without Pull-down MOS (PMOS Open Drain) E; With Pull-down MOS 
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(2) RAl/Vdisp 



(3) Package 



disp 



□ R^]^:Without Pull-down MOS (D) 



□ ^disp 



Package 



□ DP-64S (shrink package) 



□ FP-64 



* Please enter check marks (■, x ,y) * Please enter check marks (■, x ) 

in applicable item. in applicable item. 

Note) RAl/^disp to be selected as Vdisp pin even if one high voltage 
pin is specified as "E". 



(4) Divider (DIV) (5) 



ROM Code Media 



□ EPROM: Emulator Type 



□ EPROM; EPROM On-Package Microcomputer 
Type 



Check List of Application 



(A) Oscillator (CPG option) 





□ HMCS408C 

(5V Operation) 


□ HMCS408AC 

(High Speed Operation) 


□ HMCS408CL 

(3V Operation) 


CPG 
option 


□ Ceramic Filter 


□ Ceramic Filter 


□ Ceramic Filter 


□ Crystal 


□ Crystal 


□ Crystal 


□ External Clock 


□ External Clock 


□ External Clock 



* Please enter check marks (■, x , \/) in applicable item. 



e-by-16 
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HMCS412C/AC/CL 
HMCS414C/AC/CL 
MASK OPTION LIST 



5V Operation 


□ HMCS412C, DHMCSAIAC 


High Speed Operation 


□ HMCS412AC, DHMCSAl^AC 


3V Operation 


□ HMCS412CL, □HMCS414CL 



Please enter check marks in □ 







Customer 








Name 




ROM Code Name 




LSI Type Number 
(Hitachi's entry) 





(1) I/O Option 



Note (I/O options masked by B are not available.) 



PIN 


INPUT /OUTPUT 


I/O OPTION 


PIN 


INPUT /OUTPUT 


I/O OPTION 


A 


B 


C 


D 


E 


A 


B 


C 


D 


E 


Dq 


Standard Pins 


Input /Output 












Rl 


^10 


High Voltage Pins 


Input /Output 






m 






Dl 


Input/Output 












Rii 


Input /Output 


i 


■ 








D2 


Input /Output 












Rl2 


Input /Output 




■ 








D3 


Input /Output 












Rl3 


Input /Output 












D4 


High Voltage Pins 


Input /Output 












R2 


^20 


input /Output 












D5 


Input/Output 












R21 


Input /Output 


1 










D6 


Input /Output 












^22 


Input /Output 












D7 


Input /Output 












R23 


Input/Output 












D8 


Input /Output 












R3 


R30 


Standard Pins 


Input/Output 












D9 


Input /Output 












R3I 


Input /Output 












DIG 


Input /Output 












R32 


Input /Output 












Dll 


Input/Output 












R33 


Input /Output 












Dl2 


Input /Output 












R4 


RAO 


Input /Output 












Dl3 


Input /Output 












R41 


Input /Output 












Di4 


Input /Output 












R42 


Input /Output 












RO 


Roo 




Output 












RA3 


Input /Output 








— 


— — 


Rqi 


Output 












RA 


Rai 


x: 

> 


Input 


Please Mark 
°" ^Al/Vdisp 




Output 












R03 


Output 















Please enter "0" in applicable item for I/O option selection. 
A; Without Pull-up MOS (NMOS Open Drain) B; With Pull-up MOS 

C; CMOS (not be used as Input) 

D; Without Pull-dovm MOS (PMOS Open Drain) E; With Pull-down MOS 



(2) RAl/Vdisp 



□ R^l^ iWithout Pull-down MOS (D) 



□ ^disp 



* Please enter check marks x ,y) 

in applicable item. 

Note) RAl/^disp to be selected as Vdisp pin even if one high voltage 

pin is specified as "E". 



(3) Divider (DIV) (4) 



ROM Code Media 



□ EPROM: Emulator Type 



□ EPROM: EPROM On-Package Microcomputer 
Type 



Check List of Application 



(A) Oscillator (CPG option) 





□ HMCS412C/414C 
(5V Operation) 


□ HMCS412AC/414AC 
(High Speed Operation) 


□ HMCS412CL/414CL 
(3V Operation) 


CPG 
option 


□ Ceramic Filter 


□ Ceramic Filter 


□ Ceramic Filter 


□ Crystal 


□ Crystal 


□ Crystal 


□ External Clock 


□ External Clock 


□ External Clock 



* Please enter check marks (■, x,\y) in applicable item. 
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HMCS400 SERIES 



Section Two 



Software 
Application Notes 



HMCS400 SERIES 



Section Two 



Software 
Application Notes 



HITACHI 



400-3-02 



PREFACE 



HMCS400 is a series of 4-bit single chip microcomputers using an 
innovative CMOS high breakdown voltage process. This series is much 
improved over the HMCS40 series in such areas as direct drive of fluores- 
cent character display tube, operating speed, functions, and program development. 

APPLICATION NOTES consists of typical application programs for the 
HMCS400 series to help users better understand the instruction set and to 
provide them with references for making more customized programs. 

Programs described in APPLICATION NOTES have already been debugged. 
However, please verify operation in actual use. 



For additional information reference: 

•Section 1, lilVICS400 Series User's (Manual 

•Section 3, HMCS400 Series Hardware Application Notes 
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GUIDE TO USING THE HMCS400 SERIES 
APPLICATION NOTES 



Application Programs Explanation Format 



Explanation of each program in APPLICATION NOTES is divided into four 
sections as shown in Fig. 1.1. 



Section 1- 



SPECIFICATION- 



T- FUNCTION 

- ARGUMENTS 

-CHANGES IN CPU REGISTERS AND FLAGS 

- SPECIFICATIONS 

- SPECIFICATIONS NOTES 



Section 2 • 



- DESCRIPTION • 



~ Function Details 

- User Notes 

- RAM Allocation 

~ Sample Application 
Basic Operation 



Section 3 - FLOWCHART 
Section 4 - PROGRAM LISTING 



[| Hcu [[mcstoo series[[label[ [" 

FLOWCHART ]| 



1 

1 


||mcu||hHCS400 SERIE5||uBEt.|| 


||.„||™.,ER.ES||URE.|| 




~ II 








ARGUMENTS 11 

. .'1 1 digit- 4 bit. 












Digits 








































c..n.0H II 
















™----|| 









Fig. 1.1 Program Description 
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Programs in APPLICATION NOTES can be implemented in two ways, i.e. 
(1) without modification or (2) with modification. 

(1) To use a program without modification, you will need: 

(a) The information in section 1 

(b) Function Details, User Notes, RAM Allocation and Sample 
Application in Section 2 

(c) PROGRAM LISTING in Section 4 

(2) To modify a program, you will need: 

All the information in Section 1 to 4; after reading these sections, 
change the PROGRAM LISTING according to user specifications. 
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1.1 Symbols 



Symbols and abbreviations used in APPLICATION NOTTES are described below. 

(1) Operation 

( ) = Contents 

a ^ b = Transfer from "a" to "b" 

a -t-^b = Exchange between "a" and "b" 

+ = Addition 

= Subtraction 
X = Multiplication 

/ - Division 

(2) 



Register 


symbols in MCU 


A 


= Accumulator 


B 


= B Register 


W 


= W Register 


X 


= X Register 


Y 


= Y Register 


SPX 


= SPX Register 


SPY 


= SPY Register 


Flag symbols in MCU 


CA 


= Carry 


ST 


= Status 



(3) 



(A) Comparison sign 
= Equal 
^ Not-equal 
> Greater than 
< Less than 

Greater than or equal 
£ Less than or equal 

(5) Others 

* * = Delineates ASCII characters 

: = Indicates labels of successive addresses 

$ = Indicates hexadecimal data 

MD($***) = Specifies a digit in address space ($*** indicates 
address) . 

MR($*) = Specifies a digit in memory registers ($* indicates 
address). 
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MSD = Most significant digit in address space 

LSD - Least significant digit in address space 

1.2 SPECIFICATION Section 

The SPECIFICATION Section is shown in Fig. 1.2 ([*""'" ]: blocked 
in Fig. 1.2). Each numbered item in the figure is described below. 



(1) 



(2) 



(3) 



ITEM NUMBER AND PROGRAM NAME 



MCU HMCS400 SERIES LABEL 



(4)- 



(5)- 



(6) 



1 digit" 4 bits 
:orage No. of 
>catlon Digits 



• : Not affected 
X : Undefined 
i : Result 



(7) 



SPECIFICATIONS 



1 word"10 bits 



RAM (Plaits) 
Stack (Digits) 
No. of cycles 
Reentrant 



DESCRIPTION 



(8)- 



« SPECIFICATIONS NOTES 



Fig. 1.2 SPECIFICATION Section 
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(1) ITEM NUMBER AND PROGRAM NAME: 



Example : 



9. SHIFT 8-BIT DATA 



(2) MCU: 

Indicates names of microcomputer series applicable to 
the program. 



Example : 



MCU 



HMCS400 SERIES 



1 



(3) LABEL: 

Indicates the name identifying -program entry point. Use this label 
to call the program. 



Example: 



LABEL SHR 



(4) FUNCTION: 

Describes program function. 



Example : 



■ FUNCTION 



Shifts 8-bit binary data stored in RAM a specified number of times to the 
right. 



(5) ARGUMENTS: 

Describes entry arguments which must be initialized before program 
execution, and return arguments after execution. 

(a) Contents: 

Describes arguments* contents, e.g., constant, starting 
address, string length. 
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(b) Storage Location: 



Indicates registers and RAMs in which arguments must be stored. 
RAM locations are denoted by "(RAM)". 

Note: Absolute storage locations in RAM address space are 

designated by MD ($WXY, $WXY) using W, X and Y addresses. 
For example, MD ($033, $032) refers to the marked area 
in the memory array shown below. 



W, X Y 



W X Y 



Y Address 



W, X 




F 


E 


D 


C 


B 


A 


9 


8 


7 


6 


5 


4 




2 


1 





Address 





2 


























i 













3 




























Y/7/i 











4 



































W, X, Y correspond to registers. 

W, X, Y which are used to store memory addresses. 



(c) No. of Digits: 



Indicates arguments' digit length. 



Example : 



ARGUMENTS 


1 digit= 4 bits 




Contents 


Storage 
Location 


No. of 
Digits 


Entry 


Unsigned 
8-bit binary 
number to be 
shifted to 
the right 


MD($033, 
$032) 


2 




No. of shifts 


B 


1 


Returns 


Shift result 


MD($033, 
$032) 


2 
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CHANGES IN CPU REGISTERS AND FLAGS: 



Describes changes in CPU registers and flag changes in condition 
code register after executing a program. 
The following symbols are used. 



Not affected : Original contents are preserved. 
Undefined : Original contents are destroyed. 
Result : Contains results of program execution. 



CHANGES IN CPU 
REGISTERS AND FLAGS 


• : Not affected 
^ : Undefined 
t .: Result 




A 


B 




X 


X 




X 


Y 




X 


X 




SPX 


SPY 




• 


• 




w 






• 










CA 


ST 




X 


X 







Example : 

In this example, after executing 
a program, contents of Accumulator, 
B register, X register, 
Y register, carry and status will 
be destroyed. Thus, contents 
which will be destroyed should be 
saved before executing a program. 



SPECIFICATIONS : 

Describes program operation specifications. 

(a) ROM (Words) : Indicates amount of ROM used by the program. 

1 word consists of 10 bits. 

(b) RAM (Digits) : Indicates amount of RAM used by the program. 

1 digit consists of 4 bits. 

(This value does not include memory needed for 
the stack.) 

(c) Stack(Digits) : Indicates amount of RAM used by the stack in 

the program. This memory must be reserved 
when the program is executed. 

(d) No. of cycles : Indicates the maximum number of machine cycles. 

Calculate the execution time required for 
program execution as follows: 
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Execution time (sec) = Number of cycles x cycle time 
Cycle time (sec) = 8/External oscillator frequency (Hz) 

Note: BRS instruction is regarded as 1 cycle. 

(e) Reentrant : Indicates whether a program has a structure 

which can be called from two or more routines 
at the same time. 

(f) Relocatable : Indicates whether a program can be located in 

any memory space. 

(g) Interrupt OK? : Indicates whether MCU can continue a program 

normally after serving an interrupt routine. 
If cannot ("No"), inhibit interrupt before 
the program is called. 

Example : ^ 

SPECIFICATIONS 



1 word=10 bits 
ROM (Words) 

11 

RAM (Digits) 

2 

Stack (Digits) 



No. of cycles 

46 

Reentrant 

No 

Relocatable 

No 

Interrupt OK? 

Yes 



(8) SPECIFICATIONS NOTES: 

Explanatory notes for items listed in (7) SPECIFICATIONS. 
Example: 

SPECIFICATIONS NOTES 

"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to shift 8 bits of binary data 3 bits to the right. 
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1.3 DESCRIPTION Section 



The DESCRIPTION Section is shown in Fig. 1.3. (V ]: blocked area 

in Fig. 1.3). Each numbered item in the figure is explained below. 



MCU HMCS400 SERIES LABEL 



1 dlglf 4 bits 



DESCRIPTION 



(1) Function Details 



(2) User Notes 



SPECIFICATIONS NOTES {| 



• : Not affected 
" : Undefined 
t : Result 



SPECIFICATIONS 



1 word-10 biti 



RAM (DigitsT" 



Stack (Digits) 



of cycles 



HMCS400 SERIES LABEL 



DESCRIPTION 



(3) RAM Allocation 



(4) Sample Application 



(5) Basic Operation 



Fig. 1.3 DESCRIPTION Section 



(1) Function Details: 

Gives internal representation of arguments and results before and 
after program execution, respectively, and describes basic 
operation. 
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(2) User Notes : 

Gives precautions and limitations when executing the program. 

* Be sure to read these items when using the programs 
without modification. 

Example: 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($033,$032) : Holds 8-bit binary number to be shifted to the right. 
After SHR execution, contains shift result. 

B : Holds number of shifts. 

Contents of B = Number of actual shifts - 1 
(See (2) User Notes) 

(b) Example of SHR execution is shown in Fig. 1. If entry arguments 
are as shown in part © of Fig. 1, 8-bit binary number is shifted 
to the right as shown in part © of Fig. 1. 

In this case, "0"s are shifted into the 2 leftmost bits. 



^) Entry arguments •< 



b3 



bO 



B($l) 



MD ($033, $032) 



b7 --vrw-.-,,^w.^, 

»<|°33.$032) UU|0|0||l|0|l|l| 




©V *- , J MD($033,$032)^^ 

Return arguments /-^oon 0-^0 



($32) 



MD($033, $032) 
Fig. 1 Example of SHR Execution 



(2) User Notes 

(a) ST flag is set after SHR execution. 

(b) When specifying number of shifts, load B register with number of 
actual shifts less 1. In part of Fig. 1, $1 is held in B register 
since number of actual shifts is 2. 

(c) Number of shifts in B register must be within the range of 
$0 < B ^ $7, otherwise MD ($033, $032) becomes "0". 

(d) Shift operation permits easy multiplication of 8-bit binary number 
by 2""'^. (n = number of shifts) 
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(3) RAM Allocation: 



Provides details of RAM Allocation for program arguments and 
results. 

Example : 




(3) RAM Allocation 




Fig. 2 RAM Allocation 



Label 



RAM 



Description 



bO Holds 8-bit binary number to be shifted to the 
right before execution. 
Contains shift result after execution. 
X and Y addresses are defined by XSFT and YSFT, 
MD($033, $032) respectively. 



b7 



MSD : Most Significant Digit 
LSD : Least Significant Digit 
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(4) Sample Application: 

Gives a sample application of calling the program from another 
routine. 



Example : 




(4) Sample Application 

Shown below is a sample application using SHR with address space 
allocated as follows. 



MD($0A3,$0A2) : 


8-bit binary number to be shifted 


MD($0A4) 




No. of shifts 


MD($0A6,$0A5) : 


8-bit binary shift result 




LWI 
1 
1 


$0 


Example with W=0 . 




1 

LAMD 


$0A3 






LMAD 


$033 


Store 8-bit binary number to be shifted 




LAMD 


$0A2 


^ to the right in entry argument. 




LMAD 


$032 > 






LAMD 


$0A4 ' 


Load number of shifts into entry 




LBA 




r argument . 




CALL 


SHR II 


Call SHR. 




LAMD 


$033 >| 






LMAD 


$0A6 


Store shift result, which is contained 




LAMD 


$032 


in return argument, in RAM. 



LMAD $0A5 
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(5) Basic Operation: 

Explains basic operation of the program. 
Example : 




(5) Basic Operation 

(a) 8-bit binary number is shifted to the right 1 digit at a time. 

(b) B register is used to count the number of shifts, and is decremented 
each time (a) is executed. 

Operation loops to (a) until B register becomes $F. 
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1 . 4 FLOWCHART Section 



An example of the FLOWCHART Section is shown in Fig. 1.4. Flowchart 
explanatory comments are entered to the right. 

Example: 
FLOWCHART 



SHR 1 


XSFT 


X 






SHRl 




YSFT 


Y 


1 


-> 


CA 




^ RTN ^ 



Load address of 8-bit binary 
number to be shifted into 
X and Y registers. 



{ 



Clear CA flag to clear MSB. 



Rotate upper digit of 8-bit 
binary number to the right and 
set LSB of upper digit to MSB 
of lower digit. 



Decrement Y address of 8-bit 
binary number. 

Test if all digits of 8-bit 
binary number are rotated 
1 bit to the right. 



■[ 
■[ 



Decrement shift counter. 



Test if shift is completed. 



Note: 



A 


^ M 


Y-1 


^ Y 



A multi-instruction command is indicated by 
a dashed line separating each instruction. 



Fig. 1.4 FLOWCHART Section 
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1.5 PROGRAM LISTING Section 



An example of PROGRAM LISTING Section is shown in Fig. 1.5. Included 
with the program listing is information for modifying the program 
according to user's requirements. 



Example : 



9. SHIFT 8-BIT DATA 



MCU HMCS400 SERIES LABEL 



PROGRAM LISTING 



ST-NQ OBJECT 

00001 010 

00002 

OOOOJ 

00004 

00005 

00006 

00007 

00008 

00009 

00010 

0001? 



00018 
00019 
000?0 
00021 

ooor? 

00071 
00024 
00035 
OOOIt. 
00027 
00028 
0002" 
00030 



ADRS SOURCE STATEMENTS 

0000 LLEN 1 J2 

(a) -^* • 

^ NAME : SHIFT 8-BIT DATA <SHR) • 

(b) «^^. • : 

r*^^ ENTRY : M0<»0S3.»052) <8-BIT BINARY DATA) « 

(c) » B (SHIFT COUNTER) 

">-~^^ RETURNS : MD<»0II.t032> (B-BIT BINARY DATA) • 

(d) ^ ^ XSFT EOU tl 8-BIT BINARY DATA ADDfK X ) 

VSrT ?Bl3 SS 8-BIT BINARY DATA ADDR(Y> 

/ N 6ASFT EOU SI 8-BIT BINARY DATA LSD ADDR(Y)-1 
kCK . 

\ ORG »0100 

\SHR EOU • ENTRY POINT 

0100 LXI ySFT LQADADDR<X> 

0101 SHRl LYI YSFT LOAD AOOR(Y) 

0102 REC 

0103 SHR2 LAM LOAD BINARY LATA 

0104 ROTR ROTATE BINARY DATA 

0105 LMAOY STORE SHIFT DATA AND DECREMENT ADOR'Y 

0106 YNEI BASFT 

SHIFT COUNTER 



010'5 



e-RS 



> UNTIL 



INTER • to 



When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XSFT: Defines X address of 8-bit binary number to be shifted 
to the right. 

YSFT: Defines MSD Y address of 8-bit binary number to be shifted 
to the right. 

BASFT: Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as $F.) 



Fig. 1.5 PROGRAM LISTING Section 



(a) NAME: Name of a program. ( ) means entry point label. 

(b) ENTRY: Shows storage location and contents of entry arguments. 

(c) RETURNS: Shows storage location and contents of return arguments. 

(d) EQU: Defines RAM and its address by label. 

(e) SHR: Shows entry point label. 

(f) Explains how to modify this application example. 
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2. Program Execution 



The programs in APPLICATION NOTES have been considering efficiency and 
portability. The following shows how to execute these programs and how 
to modify them according to user requirements. 

2.1 Calling Programs in APPLICATION NOTES from User Programs 

The procedure for calling programs in APPLICATION NOTES from user 
programs is shown in Fig. 2.1. All programs in APPLICATION NOTES 
written as subroutines and should be called as shown in Fig. 2.1. 
An example of a user program in which a program in APPLICATION NOTES 
is called as a subroutine is shown in Fig. 2.2. 



User Program 



Program in APPLICATION NOTES 



Initialize 
argument (s) 






Call subroutine 






Process 


results 




CALL FILL 



r-- ' r *Note 

, Save necessary | 

register (s) [ 








Fill with a 
constant value 







I Restore necessary i 
register (s) i 



RTN 



3 



*Note: User must save and restore register (s), 
if necessary. 

Refer to the comments in next page. 



Fig. 2.1 Procedure for Calling Programs in APPLICATION NOTES 
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User Program 



LWI 
1 


$0 


LMAD 


$02D 


T AMD 




LBA 




LAMD 




LYA 




LAMD 


$0A3 


LXA 




LAMD 


$0A4 


LMAD 


$04D 


LAMD 


$0A5 


LMAD 


$04C> 



^ Initialize arguments. 



Example with W = 0. 
Save register. 



CALL FILL 1 1 Call program. 

LMAD $02D Restore register. 



Fig. 2.2 Sample Application 

Some programs may destroy register (s) contents before returning to the 
user program, since register (s) are used not only as argument (s) but as 
work area for calculation. Usually, register (s) used as work area is 
saved and restored in subroutine. The programs in APPLICATION NOTES, 
however, do not save nor restore register content (s). 

If register (s) contents need to be saved, users must save and restore 
register (s) contents as shown in Figs. 2.1 and 2.2. 

Refer to the "SPECIFICATIONS" section for each program to determine 
which registers should be saved as well as for details on subroutine 
arguments and results. 

Also, note that the amount of RAM used for the stack by each program 
indicated in "SPECIFICATIONS" is in addition to that used when calling 
the program (4 digits) . The entire stack area is 64 digits allowing 
for a maximum nesting level of 16. Thus, to prevent program malfunc- 
tioning, both of the above must be considered when calling (and writing) 
program subroutines. 



HITACHI 



2.2 Modifying Programs in APPLICATION NOTES According to User Requirements 

The programs in APPLICATION NOTES may be modified depending on user 
requirements. 




Fig. 2.3 RAM Allocation 

For example, to modify RAM allocation for the SHR program as shown in 
Fig. 2.3, the EQU instruction for the labels shown in Fig. 2.4 must be 
changed as shown in Fig. 2.5, and the program them reassembled. 



RAM allocations that can be modified are described after each program 
listing, as shown in Fig. 2.4. 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 








00001 


010 


0000 




LLEN 




132 






00002 


















00003 


















OOOO-^ 








NAME : 


SHIFT 


B-BIT DATA <SHR> 




00005 


















00006 


















00007 


















00008 








ENTRY 






: MO<$033.$032) <8-BIT BINARY DATA) 




00009 














B (SHIFT COUNTER) 




00010 








RETURNS 






: MD<$033. $032) (8-BIT BINARY DATA) 




00011 


















00012 


















00013 






—*. 












00014 






r XSFT 


EQU 




$3 


8-BIT BINARY DATA ADDR(X) 


1 


00015 






1 YSFT 


EOU 




$$ 


8-BIT BINARY DATA ADOR(Y) 




00016 






1 BASFT 


EOU 




$1 


8-BIT BINARY DATA LSD AOOR 


Y)-l J 


00017 


















00018 








ORG 




$0100 




00019 






SHR 


EQU 






ENTRY POINT 




00020 


223 


0100 




LXI 




XSFT 


LOAD AOOR(X) 




00021 


213 


0101 


SHRl 


LYI 




YSFT 


LOAD AODR(Y) 




00022 


OEC 


0102 




REG 










00023 


090 


0103 


SHR2 


LAM 






LOAD BINARY DATA 




00024 


OAO 


0104 




ROTR 






ROTATE BINARY DATA 




00025 


ODO 


0105 




LMAOY 






STORE SHIFT DATA AND DECREMENT AODR^Y 


00026 


071 


0106 




YNEI 




BASFT 




00027 


303 


0107 




BRS 




SHR2 






00028 


OCF 


0108 




08 






DECREMENT SHIFT COUNTER 




00029 


301 


0109 




BRS 




SHRl 


LOOP UNTIL SHIFT COUNTER = 


$0 


00030 


010 


OlOA 




RTN 











When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XSFT: Defines X address of 8-bit binary number to be shifted 
to the right. 

YSFT: Defines MSD Y address of 8~bit binary number to be shifted 
to the right. 

BASFT: Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as $F.) 



Fig. 2.4 Program Listing with Original RAM Allocations 
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Fig. 2.5 Program Listing with New RAM Allocations 

Note that in the program above, W register contents are not specified, 
but have been assigned as W = elsewhere (W, X, and Y register are 
all needed for complete specification of a memory location). W register 
has four possible selections, from 1 to 3. If necessary, change 
W register contents using the LWI instruction. 
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PROGRAM APPLICATION EXAMPLES 



Item 


Program 


Label 


Page 


1 


FILL WITH A CONSTANT VALUE 


FILL 


25 


2 


MOVE DATA BLOCK 


MOVE 


31 


3 


MOVE STRING 


MOVES 


38 


4 


BRANCH FROM TABLE 


CCASE 


46 


5 


CONVERT A<?rTT TOUFRrA<sTl' TNTO 
UPPERCASE 


TPR 


54 


6 


CONVERT ASCII INTO 
1-DIGIT HEXADECIMAL 


NIBBLE 


59 


7 


CONVERT 8-BIT BINARY DATA 
INTO ASCII 


COBYTE 


64 


8 


COUNT LOGICAL "1" BITS 


HCNT 


71 


9 


SHIFT 8~BIT DATA 


SHR 


77 


10 


4-DIGIT BCD COUNTER 


DECNT 


83 


11 


COMPARE 8-BIT BINARY DATA 


CMP 


89 


12 


ADD 8-BIT BINARY DATA 


ADD 


95 


13 


SUBTRACT 8-BIT BINARY DATA 


SUB 


102 


14 


MULTIPLY 16-BIT BINARY DATA 


MUL 


109 


15 


DIVIDE 16-BIT BINARY DATA 


DIV 


118 


16 


ADD 8-DIGIT BCD 


ADDD 


126 


17 


SUBTRACT 8-DIGIT BCD 


SUBD 


133 


18 


16-BIT SQUARE ROOT 


SQRT 


140 


19 


CONVERT 2-BYTE HEXADECIMAL 
INTO 5-DIGIT BCD 


HEX 


151 


20 


CONVERT 5-DIGIT BCD 
INTO 2-BYTE HEXADECIMAL 


BCD 


159 


21 


SORT 


SORT 


169 



1. FILL WITH A CONSTANT VALUE 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Fills a specified number of bytes in RAM with a constant value. 



CHANGES IN CPU 
REGISTERS AND FLAGS 


or HiL. ir JLUiN D 


• : Not affected 
X : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






14 


A 


B 


RAM (Digits) 


X 


X 


2 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


• 


• 




w 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Constant 


HCNST, 

LCNST 

(RAM) 


2 


No. of bytes 


B 


1 


Starting 
address 


X, Y 


2 


Returns 









DESCRIPTION 



(1) Function Details 

(a) Argument details 

HCNST, LCNST(RAM): Holds 1-byte constant to fill an area in RAM. 

B : Holds number of bytes of RAM to be filled with 

constant (Contents of B = actual number of bytes 
- 1. See (2) User Notes) . 



X, Y 



: Holds starting address in RAM. 



(b) Example of FILL execution is shown Fig. 1. If entry arguments are 
as shown in part ® of Fig. 1, $57 in HCNST, LCNST (RAM) is stored 
in RAM as shown in part (2) of Fig. 1. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to fill 16 bytes of RAM with a 1-byte constant. 
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1. FILL WITH A CONSTANT VALUE 


MCU 


HMCS400 SERIES 


LABEL 


FILL 


DESCRIPTION 





(J) Entry arguments ^ 



HCNST,LCNST 
(RAM) 
($57) 

B 

($B) 



X,Y 
($5,$C) 



HCNST,LCNST 
(RAM) 
b7 bO 



b3 ^ bO 



b7 



bO 



(D Result 



Starting address MD ($05C) 
W,X F E D C B A 9 8 7 6 5 4 3 2 10 



05 
06 
07 





RAM 



Fig. 1 Example of FILL Execution 

(2) User Notes 

(a) ST flag is set after FILL execution. 

(b) A maximum number of 16 bytes of RAM can be filled by the constant 
value. 

(c) Value specified in B register is the actual number of bytes - 1. 

In Fig. 1, as the actual byte length is 12($C), 11 ($B) is initialized 
in B register. 

(d) The program expects an even address initialized in Y register for 
program operation. 
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1. FILL WITH A CONSTANT VALUE 


MCU 


HMCS400 SERIES 


LABEL 


FILL 


DESCRIPTION 





(3) RAM Allocation 



1 1 \ 1 1 1 \ 1 — 

F|E|D|C|B|A|9|8|7 
1 1 1 1 1 1 1 1 




1 \ 1 1 1 1 

6|5|4|3i2|li0 
1 1 1 1 1 1 



Fig. 2 RAM Allocation 



Label 



HCNST 



LCNST 



RAM 



b3 



bO 



>MSD/ 
///// 



MD($04D) 
b3 bO 



= LSD : 



Description 



Upper digit of 1-byte constant to be stored 
in RAM. 



Lower digit of 1-byte constant to be stored 
in RAM. 



MD($04C) 
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1. FILL WITH A CONSTANT VALUE 


MCU 


HMCS400 SERIES 


LABEL 


FILL 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using FILL with address space 
allocated as follows. 



MD($0A1) 




: No. of bytes of RAM to be filled with constant 


MD($0A3, 


$0A2) 


: RAM starting address 


MD($0A5, 


$0A4) 


: Constant value 




LWI 




. . . Example with W=0. 




LAMD 
LBA 


$0A1 ^ 


y ... Load RAM length into entry argument . 




LAMD 


$0A2 - 






LYA 
LAMD 


$0A3 


|. ... Load starting address into entry argument. 




LXA 
LAMD 
LMAD 
LAMD 


$0A5 > 

HCNST 

$0A4 


1 ... Store 1-byte constant in entry argument. 




LMAD 


LCNST , 






[call 


FILL 


. . . Call FILL. 



(5) Basic Operation 

(a) X and Y registers are used to point to address in RAM to be filled. 

(b) Constant, in HCNST (RAM) and LCNST (RAM) , is moved to X and Y address 
1 digit at a time using indirect addressing mode. 

(c) B register is used as a byte counter indicating how many bytes are 
left to be filled with the constant. It is decremented after each 
move and operation loops to (b) until its contents become $F. 

(d) Address in X and Y registers is incremented for next storage location. 
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1. FILL WITH A CONSTANT VALUE 



MCU HMCS400 SERIES LABEL 



FILL 



FLOWCHART 



^ FILL ^ 



FILL 



HCNST ->A 



A ^ M 
Y + 1 -> Y 



LCNST ^A 



A M 
Y 4- 1 ^ Y 



Y^$0 





X + $1 -> X 








FILLl 




B - 1 B 






Store upper digit of constant in 
RAM pointed to by X and Y registers. 



B=$F 



Increment Y address for next 
storage location. 



{ 



Store lower digit of constant in 
RAM pointed to by X and Y registers. 

Increment Y address for next 
storage location. 



Test if Y address is $0. 



Increment X address. 



Decrement byte counter indicating 
number of bytes left to be filled 
with constant. 

Test if filling is completed. 



RTN 
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1. FILL WITH A CONSTANT VALUE 


MCU 


HMCS400 SERIES 


LABEL 


FILL 


PROGRAM LISTING 





3T-N0 


OBJECT 


ADR5 


SOURCE 


STATEMENTS 








00001 


000 


000 


0000 




LLEN 


132 






00002 














>k**>K*»(>K*>t<********>K***>K>K *>«*** +■ 




00003 








* 






* 




00004 










NAME : FILL WITH A 


CONSTANT VALUE (FILL) * 




00005 








* 






* 




00006 












>4<>K>t<X')t<>KH'*>t(M' 


Xt**************************** 




00007 








■X 






* 




OGCiOO 








>K 


ENTRY 


HCNST 


(UPPER CONSTANT) * 




OOOO'^^ 












LCNST 


(LOWER CONSTANT) * 




00010 








* 




8 


(BYTE COUNTER) * 




00011 








•k 




X. Y 


(STARTING ADDRESS) * 




00012 








K 


RETURNS, : 


NOTHING 


* 




00013 








* 






♦ 




000 1'i 














**************** **>K>t.*******>l<* 




000 1 5 


















000 1 6 








HCMST 


EQU 


$040 


UPPER CONSTANT DATA ADDR 




00017 








LCNST 


EOU 


$04C 


LOWER CONSTANT DATA ADDR 




00018 


















00019 










ORG 


$0100 






00020 








FILL 


EQU 




ENTRY POINT 




0002 1 


190 


040 


0100 




LAMO 


HCNST 


LOAD UPPER CONSTANT 




00022 


050 




0102 




LMAIY 




LOAD CONSTANT AND INCREMENT ADDR 


Y) 


00023 


190 


04 C 


0103 




LAMD 


LCNST 


LOAD LOWER CONSTANT 




00024 


050 




0105 




LMAIY 




LOAD CONSTANT AND INCREMENT ADDR 


Y) 


0002S 


308 




10(^. 




BRS 


FILLl 


LOOP UNTIL BYTE COUNTER = $F 




00026 


001 




0107 




XSPX 




INCREMENT ADDR(X) 




00027 


0^8 




0108 




LASPX 








00023 


28 1 




0109 




A I 


SI 






06629 


0E8 




01 OA 




LXA 








00030 


OCF 




OlOB 


FILLl 


OB 




DECREMENT BYTF. COUNTER 




00031 


300 




OlOC 




BRS 


FILL 






00032 


010 




0100 




RTN 









When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 



HCNST: Defines upper digit address of 1-byte constant. 
LCNST: Defines lower digit address of 1-byte constant. 
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2. MOVE DATA BLOCK 




MCU 


HMCS400 SERIES 




LABEL 




MOVE 


FUNCTION 





Moves data block, stored in ROM, to a specified location in RAM. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 




Source start- 
ing address 
(ROM) 


B,A 


2 


Entry 


Destination 
starting 
address (X) 


X 


1 




SPX 


1 




Destination 
starting 
address (Y) 


Y 


1 




No. of bytes 


SPY 


1 


Returns 









CHANGES IN CPU 
REGISTERS AND FLAGS 



• : Not affected 
^ : Undefined 
^1^ : Result 



SPX 



B 



SPY 



CA 



ST 



SPECIFICATIONS 



1 word=10 bits 



ROM (Words) 



33 



RAM (Digits) 



Stack (Digits) 







No. of cycles 



394 



Reentrant 



No 



Relocatable 



No 



Interrupt OK? 



Yes 



DESCRIPTION 



(1) Function Details 



(a) Argument details 

B,A : Holds source starting address (ROM) as a 2-digit hexadecimal 
number . 



X ; Holds destination (RAM) starting X address as a 1-digit 

hexadecimal number to indicate from where upper digits of 
source data will be stored. 



SPX : Holds destination (RAM) starting X address as a 1-digit 

hexadecimal number to indicate from where lower digits of 
source data will be stored. 

(Contents of SPX register = contents of X register + 1. 
See (2) User Notes.) 



Y : Holds destination (RAM) starting Y address as a 1-digit 
hexadecimal number . 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to move 16 bytes of data. 
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2. MOVE DATA BLOCK 


MCU 


HMCS400 SERIES 


LABEL 


MOVE 


DESCRIPTION 





SPY : Holds length of data block in bytes as a 1-digit hexadecimal 
number. 

(Contents of SPY = actual number of bytes - 1. 
See (2) User Notes.) 

(b) Example of MOVE^ execution is shown in Fig. 1. If entry arguments are 
as shown in part ® of Fig. 1, source data block in ROM ($0F12 
$0F18) is moved to destination in RAM MD($05B 'V $071) , MD($06B ^ $081) 
as shown in part © of Fig. 1. 



b7 



bO 



® Entry arguments 



B,A 
($1,$2) 

X,SPX 
($5, $6) 

Y 

($B) 



SPY 
($6) 



1 


2 


X SPX 


5 


6 



b3 ^ bO 



SPY 



ROM 



Source 

starting address 



$0F12 



$0F18 





1 


it 




1 


3 


5 


1 


4 


6 


1 


4 


1 


1 


3 


1 


1 


4 


2 


1 


3 


3 





Byte 
length 



Source 
► data 
block 



Destination 
starting address 
MD($05B) 
MD($06B) 



(2) Result 



W,X"^^ 
05 
06 
07 
08 



RAM 



FEDCBA9 87 65 4 3210 






Destination 
* data 
block 



Fig. 1 Example of MOVE Execution 
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2. MOVE DATA BLOCK 


MCU 


HMCS400 SERIES 


LABEL 


MOVE 


DESCRIPTION. 





(2) User Notes 



(a) ST flag is set after MOVE execution. 

(b) When storing the length of the data block in SPY register, the actual 
number of bytes-1 must be stored. In Fig. 1, as the actual length 

is 7 bytes, $6 is stored in SPY register. 

(c) 1 to 16 bytes of data can be moved. 

(d) When storing the destination starting address in SPX register, 
contents of X register + 1 must be stored, otherwise data cannot be 
moved successively to RAM. In Fig. 1, as contents of X register is 
$5, $6 is stored in SPX register. 

(e) Bit 8 of all words in the source data table must be set to 
indicate loading of data into Accumulator and B register when 
executing the pattern generation instruction (P) . 

(3) RAM Allocation 





1 1 1 

F 1 E 1 D 1 C 
1 1 1 


1 

B 1 A 


9|8|7|6i5|4|3i2|l|0 
1 1 1 1 1 1 1 1 1 1 


02 


1 1 1 1 1 


1 1 1 1 1 1 1 1 1 
1 1 1 L«l 1 L- J.-. 


03 


1 1 1 
1 1 1 


1 
1 


1 1 1 1 1 1 1 1 1 
1 1 1 i 1 i 1 1 1 


04 


- T "1 r-1 
1 1 1 

-- + -H-~I--- 


MSDJLSD 

u// — 


-xn rrn-rT "i""*r • 
1 1 1 i t 1 1 1 1 

--•4--H--h-+ — + 


05 


1 1 1 






1 1 1 1 1 

-.^1 l-^L-X l-_ 


1 1 1 1 1 1 1 1 1 

L-X- J--l-.-l_ J-._l 1- J-._l 


06 


1 1 1 


1 


i 1 1 1 1 1 1 1 1 

1 L_l 1 1 1 1 1 1 1 

-■ 1 1 1 1 -CUJ—' 



Fig. 2 RAM Allocation 



Label 



HSOU 



LSOU 



RAM 
b3 bO 

\////A 

MD ($04B) 



b3 



bO 



= LSD= 



Description 



Work area for saving contents of B register 
used to indicate source (ROM) address. 



Work area for saving contents of Accumulator 
used to indicate source (ROM) address. 



MD ($04A) 
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2 . MOVE DATA BLOCK 


MCU 


HMCS400 SERIES 


LABEL 


MOVE 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using MOVE with address space allocated 
as follows. 



MD($0A2,$0A1) : Source starting address 
MD($0A5 ^ $0A3) : Destination starting address 
MD($0A6) : Length of data block in bytes 



LWI 

I 
I 

LAMD 

LYA 

XSPY 

LAMD 

LXA 

XSPX 

LAMD 

LXA 

LAMD 

LYA 

LAMD 

LBA 

LAMD 



$0 

$0A6 



Example with W=0. 



Load length of data block into 
entry argument. 




Load destination starting address 
into entry argument . 



CALL 



MOVE 



Load source starting address into 
entry argument. 



Call MOVE. 
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2. MOVE DATA BLOCK 



MCU HMCS400 SERIES LABEL MOVE 



DESCRIPTION 



(5) Basic Operation 

(a) Data stored at the address indicated by Accumulator and B register 
is referred to Accumulator and B register, using the table look-up 
function of the pattern generation instruction (P). 



Program b Register Accumulator 



LAI 


$3 




LBI 


$1 


m 


P 


$F 






Execution 



ROM 
address 
$0F12 




ri"! 


3 


4 




|c 






6 / 


/ 7 


1 



After executing the pattern generation 
instruction in the above program sequence, $CD 
is contained in B register and Accumulator 
($CD is stored in lower 8 bits of word located 
at $0F13) . 

Since data table is allocated from $OFOO^$OFFF, 
subroutine MOVE uses $F as operand of the 
pattern generation instruction (P) . 



*Note: 

If dotted area (bit 8) is $1 
as shown above, ROM data is 
referred to Accumulator and 
B register after executing 
the P instruction. 



Fig. 3 ROM Table and the P Instruction 



(b) Accumulator and B register are used as a pointer to the source 
data. 

(c) 1 byte of the data word pointed to by Accumulator and B register 
is moved to the RAM address indicated by X and Y registers. 

(d) SPY register is used as a counter indicating number of bytes in 
data block. SPY register is used as follows: 

(i) after every execution of (c), SPY register is decremented 

(ii) data continues to be moved 1 byte at a time until SPY register 
is $F. 
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2. MOVE DATA BLOCK 



MCU HMCS400 SERIES LABEL MOVE 



FLOWCHART 



^ MOVE ^ 



MOVE 



A -> LSOU 



X 



B HSOU 



Pattern MTAB 



B -> M 
X ^ SPX 



A -> M 
Y + 1 -> Y 
X ^ SPX 



Yf$0 




BR 



Y=$0 



SPX+$2->SPX 



X 



X + $2-> X 



MOVEl 



HSOU B 



X 



LSOU A 



A+$l A 



M0VE2 




BR 



A7^$0 



A=$0 



B+l B 



M0VE3 



SPY-1 ->SPY 



SPY^$F 




Save Accumulator and B register 
indicating source address. 

— Load source address data indicated 
by MATB, B register and Accumulator 
into B register and Accumulator. 
Load upper digit of' source data 
into destination. 

£Load destination X address 
for lower digit. 

Store lower digit of source data 
in destination. 

Increment destination Y address. 
Load destination X address for 
upper digit. 

Test if Y register = $0. 



--r 
.....I 

--i 

--C 
C 



Increment destination X address. 



Restore Accumulator and B register 
indicating source address. 

Increment Accumulator indicating 
source address. 

Test if B register indicating source 
address needs incrementing. 

Increment B register indicating 
source address. 

Decrement counter indicating byte 
length of data block. 

Test if move is completed. 
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2. MOVE DATA BLOCK 


MCU 


HMCS400 SERIES 


LABEL 


MOVE 


PROGRAM LISTING 





ST -NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


000 


000 


0000 




LLEN 


132 




01^002 
















nnoo3 














* 


(."lOUO'-i 










NAME : MOVE DATA BLOCK 


(MOVE) ^■ 


OOOOTi 














* 


ooi:i06 








■C * * ■* * H 








00007 
















00008 








+ 


ENTRY : 


A.B 


(SOURCE STARTING ADDRESS) * 


0000'^ 








*• 




X. Y 


(DESTINATION STARTING ADDRESS) * 


11.00 i 












SPY 


(NO. OF BYTES) * 


00011 








* 


RETURNS : 


NOTHING 


* 


00012 








* 






* 


00013 
















000 1 
















00015 








USQU 


EOU 


%OAB 


WORK AREA FOR REGISTER(B) 


00016 








LSOU 


EOU 


$04A 


WORK AREA FOR ACCLIMULATOR( A) 


0O017 








MTAB 


EQU 


■FF 


MSO (8- 11 BIT) OF DATA TABLE ADDRESS 


00018 
















00019 










ORG 


SOlOO 




00020 








MOVE 


EQU 




ENTRY POINT 


00021 


194 


04A 


0100 




LMAD 


LSOU 


SAVE SOURCE ADDR(A) 


00022 


048 




0102 




LAB 






00023 


194 


048 


0103 




LMAD 


ITSOU 


SAVE SOURCE ADDR(B) 


O002'^t 


190 


04 A 


0105 




LAMD 


LSOU 




00025 


IBF 




0107 




P 


MTAB 


LOAD SOURCE DATA 


(i')0"'6 


OC 1 




0108 




XMPX 




LOAD UPPER SOURCE DATA 


00027 


051 




0109 




LMAIYX 




LOAD LOWER SOURCE DATA AND INCREMENT 


00028 


313 




OlOA 




BRS 


MOVEl 


BRANCH IF ADDR(Y) =/ $0 




068 




01 OB 




LASPX 




INCREMENT ADDR(SPX) 


("10030 


282 




OlOC 




AI 






00031 


00 1 




OlOD 




XSPX 






00032 


0E8 




OlOE 




LXA 






00033 


068 




01 OF 




LASPX 




INCREMENT ADDRfX^ 


00034 


282 




01 10 




A I 


t-7 




00035 


001 




0111 




XSPX 






0(10 3i''. 


0E8 




0112 




LXA 






00037 


190 


04 B 


0113 


MQVEl 


LAMD 


HSOU 


LOAD SOURCE ADDR(A) 


6063 s 


0C8 




01 15 




LBA 






00039 


190 


04A 


01 16 




LAMD 


LSOU 


LOAD SOURCE ADDR(B) 


Oo6'«0 


281 




01 18 




AI 


$1 


INCREMENT SOURCE ADDR(A> 


0004 1 


31B 




0119 




BRS 


M0VE2 


BRANCH IF A = $0 


00042 


31C 




OllA 




BRS 


M0VE3 


BRANCH IF A =/ $0 


00043 


04C 




01 IB 


MGVE2 


IB 




INCREMENT SOURCE ADDR<8) 


00044 


002 




01 ic 


MQVE3 


XSPY 






0004 


ODF 




OUD 




DV 




DECREMENT LENGTH COUNTER 


0004 6 


002 




01 IE 




XSPY 






0004 7 


300 




01 IF 




BRS 


MOVE 


LOOP UNTIL LENGTH COUNTER = SO 


O0048 


010 




0120 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

HSOU: Defines address where B register, indicating source 
data address, is saved. 

LSOU; Defines address where Accumulator, indicating source 
data address, is saved. 

MTAB: Defines MSD of the data table address referred to by the 
pattern generation instruction (P). 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 




LABEL 




MOVES 


FUNCTION 





Moves string of data, stored in ROM, to a specified location in RAM using a 
string terminator ($00) . 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Source start- 
ing address 
(ROM) 


B,A 


2 


Destination 
starting 
address (X) 


X 


1 


SPX 


1 


Destination 
starting 
address (Y) 


Y 


1 


Returns 









CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 




^ : Undefined 


1 word=10 bits 


^ : Result 




ROM (Words) 








40 


A 


B 




RAM (Digits) 


X 


X 




2 


X 


Y 




Stack (Digits) 


X 


X 







SPX 


SPY 




No. of cycles 


X 


X 




478 


W 






Reentrant 


• 






No 








Relocatable 


CA 


ST 




No 


• 


X 




Interrupt OK? 






Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 
B,A 



Holds source (ROM) starting address as a 2-digit hexadecimal 
number . 

Holds destination (RAM) starting X address as a 1-digit 
hexadecimal number to indicate from where upper digit of 
source data will be stored. 



SPX : Holds destination (RAM) starting X address as a 1-digit 
hexadecimal number to indicate from where lower digit of 
source data will be stored. 

(Contents of SPX register = contents of X register + 1. 
See (2) User Notes.) 

Y : Holds destination (RAM) starting Y address as a 1-digit 
hexadecimal number. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to move a string of data with the terminator in the 16th byte. 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


DESCRIPTION 





(b) Example of MOVES execution is shown in Fig. 1. If entry arguments 
are as shown in part (l) of Fig. 1, data in source ROM ($0F12) 
is moved to destination MD ($05B ^ $070) , MD ($06B ^ $080) as shown 
in part (2) of Fig. 1. When terminator ($00) is reached MCU 
terminates moving of data block. 



hi 



bO 



® Entry arguments «^ 



B,A 
($1,$2) 

X,SPX 
($5, $6) 

Y 

($B) 



1 


2 


X SPX 


5 


6 



b3 ^ bO 



ROM 



Source (ROM) 
starting 
address ->$0F12 



Terminator 



$0F18 





1 


1.46 .! 


1 


72 


1 


39 


1 


48 


1 


92 


1 


65 


l_L_ 


UP 1 





Source 

data 

block 




Fig. 1 Example of MOVES Execution 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


DESCRIPTION 





(2) User Notes 



(a) ST flag is set after MOVES execution. 

(b) When storing the destination starting address in SPX register, 
contents of X register + 1 must be stored, otherwise data cannot 

be moved successively to RAM. In Fig. 1, as contents of X register 
is $5, $6 is stored in SPX register. 

(c) Bit 8 of all words in the source data table must be set to 
indicate loading of data into Accumulator and B register when 
executing the pattern generation instruction (P) . 

(3) RAM Allocation 



Y 


i 1 1 

F 1 E 1 D 1 C 


1 

B 1 A 




— r- 

9 1 8 


1 1 1 1 1 1 i 1 
I7l6i5|4l3l2|ll0 
_l 1 1 1 1 1 1 1 


02 


1 1 1 1 1 
J L_l- J-_ 


L 


— h- 
1 

«1_ 


1 1 1 1 1 1 1 1 
_J L_l 1 L_l.-_1_-I 


03 


1 1 1 
1 1 1 


1 
1 




1 
1 


i 1 1 1 1 i 1 1 
1 1 i 1 1 1 1 1 


04 


~ T "1 1 

1 1 i 

-- + ~H-~I ^ 

1 1 1 


f//A 

MSDILSD 
V//| — 




-T~ 
1 

-+•- 
1 




1 1 1 1 1 1 1 1 

H--I--+-H--I — + 

1 1 1 1 1 1 1 1 


05 






1 1 1 1 1 
j^-L_X 


L 




J>_l_^l_ J_-l 1- J_^l 


06 


1 1 i 

_ i- — I ■ ' 


1 

1 1 _j 


L- . 


1 
1 


1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 i 



Fig. 2 RAM Allocation 



Label 



RAM 



Description 



HSOUR 



LSOUR 



b 3 b O 

MD ($04B) 
b3 bO 



"LSD- 



Work area for saving contents 
used to indicate source (ROM) 



Work area for saving contents 
used to indicate source (ROM) 



of B register 
address . 



of Accumulator 
address . 



MD ($04A) 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using MOVES with address space 
allocated as follows. 



MD($0A2,$0A1) : Source starting address 
MD($0A5'^' $0A3) : Destination starting address 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


DESCRIPTION 





(5) Basic Operation 

(a) Data stored at the address indicated by Accumulator and B register is 

referred to Accumulator and B register, using the table look-up function 
of the pattern generation instruction (P). 



Program 

LAI $3 
LBI $1 
P $F 



B Register Accumulator 



ROM 



fcl 



Execution 



ROM 

address 
$0F12 



rn 


3 


4 


— , — 
1 1 1 

1 L_ 


|c 






6 / 


/ 7 





After executing the pattern generation instruction 
in the above program sequence, $CD is contained 
in B register and Accumulator ($CD is stored 
in lower 8 bits of word located at $0F13). 
Since data table is allocated from $OFOO^$OFFF, 
subroutine MOVES uses $F as operand of the 
pattern generation instruction (P) . 



*Note: 

If dotted area (bit 8) is 
$1 as shown above, ROM 
data is referred to 
Accumulator and B 
register after executing 
the P instruction. 



Fig. 3 ROM Table and the P Instruction 



(b) Accumulator and B register are used as a pointer to the source data. 

(c) X and Y registers are used as a pointer to the destination location 
in RAM. 

(d) Data block, pointed to by Accumulator and B register, is moved 
into Accumulator and B register using the pattern generation 
instruction (P) . 

Data in Accumulator and B register is tested for terminator ($00). 
If not, contents of Accumulator and B register is stored into 
destination and destination address is then incremented. 

(e) Operation loops to (d) until terminator ($00) appears. 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


FLOWCHART 





^ MOVES ^ 



MOVES 










A -> LSOUR 










SPX+$2->SPX 



X+$2^X 



Save Accumulator and B register 
indicating source address. 

"Load source address data, indicated 

by MSTAB, B register and Accumulator, 
.into B register and Accumulator. 

Save Accumulator before test for 
terminator. 



Test if source data is terminator 
(Accumulator =$0, B register=$0) . 

If "Yes", terminate subroutine 
MOVES. 



"store upper digit of source data 

into destination. 
"Set destination X address 
.for lower digit. 

--^Restore Accumulator. 

C Store lower digit of source data 
into destination. 

Increment destination Y address. 

Increment destination X address 
for upper digit. 

Test if destination Y address 
is $0. 



Increment destination X address. 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


FLOWCHART 





M0VES3 




Restore Accumulator and B register 
indicating source address. 



....£ 
■■■■{ 



Increment Accumulator 
indicating source address. 

Test if B register, indicating 
source address, needs incrementing. 



Increment B register indicating 
source address. 



Test if move is completed. 
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3. MOVE STRING 


MCU 


HMCS400 SERIES 


LABEL 


MOVES 


PROGRAM LISTING 





ST-NO 


OB..IECT 


ADRS 


SOURCE 


STATEMENTS 








0000 1 


010 




0000 




LLEN 


132 






00002 








****** 










00003 








* 








* 


00004 








* 


NAME : MOVE STRING 


(MOVE 


S) * 


00005 








* 








* 


00006 








****** 


*********** 






>«*>K>K** ************* >k+* + *H.**>K*>f*** 


00007 








* 








* 


00008 








* 


ENTRY 


: A, 


8 


(SOURCE STARTING ADDRESS) * 


00009 








* 




X, 


Y 


(DESTINATION STARTING ADDRESS) * 


00010 








* 


RETURNS 


: NOTHING 


* 


000 1 1 








* 








* 


00012 








****** 


*********** 


********* 


***** 


****** ***************** ********** 


000 1 3 








* 










000 1 4 








HSQUR 


EOU 


$048 




WORK AREA FOR REGISTERCB) 


00015 








LSOUR 


EOU 


$04A 




WORK AREA FOR ACCUMULATOR( A) 


00016 








MSTAB 


EQU 


$F 




MSO (8-llBIT> OF DATA TABLE ADDRESS 


000 1 7 








* 










0001 8 










ORG 


■BOlOO 






000 1 9 








MOVES 


EQU 


* 




ENTRY POINT 


00020 


194 


04A 


0100 




LMAD 


LSOUR 




SAVE SOURCE ADDR(A'> 


00021 


043 




0102 




LAB 








00022 


194 


04B 


0103 




LMAD 


HSGUR 




SAVE SOURCE ADDR(B) 


00023 


190 


04 A 


0105 




LAMD 


LSOUR 






00024 


IBF 




0107 




P 


MSTAB 




LOAD SOURCE DATA 


00025 


002 




0108 




XSPY 








00026 


008 




010'' 




LYA 






LOAD SPY FROM A 


Ui."'i2 T 


002 




1 OA 




XSPY 








00028 


2B0 




01 OB 




ALE I 


■.T>0 




A =< $0 


0002*^' 


0^-f8 




OlOC 




1. AO 








00030 


30F- 




01 00 




BRS 


MOVES 1 




BRANCH IF A = $0 




311 




OlOE 




BRS 


MOVE S2 




BRANCH IF A =/ $0 


: i:" 


2B0 




01 OF 


MOVES 1 


ALE I 


^0 




A =< %Q 7 




327 




Olio 




ORS 


MOVESS 




BRANCH IF A = $0 


0( '034 


0''-^5 




0111 


MGVES2 


I. MAX 






LOAD UPPER SOURCE DATA 


OO'.K'S 


058 




0112 




LASPY 






LOAD A FROM SPY 


00036 


051 




0113 




LMATYX 






LOAD LOWER SOURCE DATA AND INCREMENT 


0003 7 


3 1 




1 1 4 




BRS 


MOVE S3 




BRANCH IF ADDR(Y) = $0 




068 




01 15 




LASPX 






INCREMENT ADDR'SPX) 


000?:' 


282 




01 16 




AI 








00040 


001 




01 i 7 




XSPX 








0004 1 


0E8 




Oils 




LXA 








00042 


068 




01 




LASPX 






INCREMENT AD0R(X> 


0004 3- 


282 




01 1 A 




A I 


:r>2 






0004 4 


001 




1 1 B 




XSPX 








00045 


0E8 




one 




LXA 








0004 6 


r^o 


048 


01 10 


M0VES3 


LAMD 


HSOUR 




LOAD SOURCE ADDR(A) 


0004 7 


0C8 




01 IF 




LBA 








0004 8 


190 


04A 


0120 




L.AMD 


LSOUR 




LOAD SOURCE ADDR<B> 




231 




0J22 




A I 


$1 




INCREMENT SOURCE ADOR(A) 


OOOSO 


325 




0123 




BRS 


M0VES4 




BRANCH IF A = to 


000''ii 


300 




0124 




BRS 


MOVES 




BRANCH IF A =/ 1^0 


0O052 


04 C 




0125 


MDVES4 


IB 






INCREMENT SOURCE ADDR(B) 


00OS3 


300 




0126 




BRS 


MOVES 




LOOP UNTIL B - TO 


OO'05't 


010 




0127 


MDVFS5 


RTN 









When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

HSOUR: Defines address where B register, indicating source 
data address, is saved. 

LSOUR: Defines address where Accumulator, indicating source 
data address, is saved. 

MSTAB: Defines MSD of the data table address referred to by the 
pattern generation instruction (P) . 
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4. BRANCH FROM TABLE 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Loads service routine starting address, which corresponds to a 1-byte command 
in RAM, into Accumulator and B register; permits easy decoding and processing 
of keyboard data or other input data ('case' branching). 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 

: Undefined 
> : Result 


1 word=10 bits 


ROM (Words) 


35 


A 


B 


RAM (Digits) 






3 


X 


Y 


Stack (Digits) 


• 


X 





SPX 


SPY 


No. of cycles 


• 


X 




w 




Reentrant 


• 


No 






Relocatable 


CA 


ST 


No 


• 




Interrupt OK? 




Yes 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Command 


HCMMD 
LCMMD 
(RAM) 


2 


Data table 

starting 

address 


Y,SPY 


2 


Returns 


Service 
routine 
starting 
address 


B,A 


2 


Command 
status 


ST 


(1 bit) 



DESCRIPTION 



(1) Function Details 

(a)' Argument details 

HCMMD, LCMMD (RAM) : Holds commands such as ASCII. 

: Holds lower 8 bits of data table starting address. 



Y,SPY 
B,A 



ST 



ST=0 



ST=1 



Holds lower 8 bits of service routine starting 
address. 

Indicates status after CCASE execution. 

: Indicates data table has the same data (command) 
as that in HCMMD and LCMMD (RAM) . 

: Indicates data table does not have the same data 
(command) as that in HCMMD and LCMMD(RAM). 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to process a command located in the 3rd data string in the data table. 
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4. BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


DESCRIPTION 





(b) Example of CCASE execution is shown in Fig. 1. If entry arguments 
are as shown in part (l) of Fig. 1, data table in Fig. 2 is searched 
and service routine starting address is contained as shown in 
part ® of Fig. 1. 



(T) Entry arguments ^ 



Command (RAM) 
($42) 

Data table 
starting address 



(2) Return arguments 



{ 



Service routine 
starting address 



MD($04B, 
$04C) 



Y,SPY 



HCMMD LCMMD 
hi bO 



ST 



SPY 



bO 



Fig. 1 Example of CCASE Execution 



Address 

Data table 
starting 
address ^$0F00 

Data 

string 1 



Data 
string 2 



ROM 



$144 



$1C6 



$142 



$145 



$100 



Description 



Command *A* 

Service routine starting 
address for command 'A* 
(Lower 8 bits) 

Command ' B ' 

Service routine starting 
address for command 'B' 
(lower 8 bits) 



Terminator 



Fig. 2 Data Table 

(c) When executing CCASE, data table as shown in Fig. 2 is necessary. 
Explanation of "Fig. 2 Data Table" is described as follows. 

(i) Data table consists of a sequence of 2-word data strings starting 
at $0F00 and a terminator ($100) . 

(ii) In the 2-word data string, the first word is the command, and 
the second word is the lower 8 bits of the service routine 
starting address. 
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4. BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


DESCRIPTION 





(2) User Notes 

As "$100" is used as a terminator, $0 should not be held in HCMMD , LCMMD (RAM) 
or in command words in the data table. 

(3) RAM Allocation 



Y 


F 1 E 1 D ! C 1 B 1 A 1 9 1 8 1 7 1 6 1 5 1 4 1 3 ! 2 1 1 1 


02 
03 
04 
05 
06 


1 1 

1 

t 1 
1 1 

~ T n - 
1 1 

1 1 
— 
1 1 


1 1 
L_X«. 

1 1 

1 1 

7//kv.V\M : 

MSDiLSD^ 

I 1 
1 X 1-.- 

1 i 


1 i 1 1 i 1 1 i 1 

1 X 1 L-.X — 1. L-X- J 1 

1 1 1 1 1 i 1 1 1 
1 1 1 i t 1 1 1 1 

- T~-i r T n r T "I -i 

1 1 i 1 1 1 1 1 1 

^_4-__|-_-j«_ + — 4.-.-|__| 

1 1 1 t 1 1 1 1 1 

L-X- J_-.L-1- X- J 1 

I I I I 1 1 1 I I 
1 — l_l I I I I 1 1 1 





Label 



HCMMD 



LCMMD 



CWORK 



RAM 
b3 bO 



MD ($G4C) 
b3 bp 

MD ($04B) 



b3 



bO 



Fig. 3 RAM Allocation 
Description 

Upper digit of command. 
Lower digit of command. 
Work area for saving Accumulator. 



MD ($04 A) 
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4. BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


DESCRIPTION 





(A) Sample Application 

Shown below is a sample application using CCASE with address space 
allocated as follows. 



MD($OAC,$OAB) : Command to be searched for 
MD($OAE,$OAD) : Data table starting address 



LWI $0 



Example with W=0. 



LAMD 


$OAC ^ 


LMAD 


HCMMD 

> 


LAMD 


$OAB 


LMAD 


LCMMD ^ 


LAMD 


$OAE ^ 


LBA 




LAMD 


$OAD J 


CALL 


CCASE 


BRS 


ERROR 



>. store command in entry argument. 



Load data table starting address into 
entry argument. 



Call CCASE. 

Branch to ERROR if data table has no data 
corresponding to command. 



*(Note) 



Branch program 

to service routine 



ERROR 



Error program 



ORG 

DC 

DC 

DC 

DC 



DC 



$0F00 

$141 

$1C6 

$142 

$145 



$100 



Data table. 



Note: CCASE execution only stores service routine starting address in 
Accumulator and B register. For actually branching to service 
routine, use the program sequence described in next page. 
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4. BRANCH FROM TABLE 



MCU HMCS400 SERIES LABEL CCASE 



DESCRIPTION 



ERROR 



CALL 


CCASE 


BRS 


ERROR 


TBR 


$E 


Error 


Program 



Call CCASE. 

If ST flag is set, branch to error program. 

Branch to service routine indicated by 
Accumulator (PC3 ^ PCq) , B register 
{?Cj^?CO and $E(PCii PCs) . 



(5) Basic Operation 

(a) Data stored at the address indicated by Accumulator and B register 

is referred to Accumulator and B register, using the table look-up 

function of the pattern generation instruction (P) . 



Program B Register Accumulator 



LAI 
LBI 
P 



$3 
$1 
$F 







Execution 



ROM 

address 
$0F12 



ni 


3 


4 


— 1 — 1- 

1 1 1 
— 1 — 1_ 






' 1 ' 


6 / 


/ 7 





After executing the pattern generation instruction 
in the above program sequence, $CD is contained 
in B register and Accumulator ($CD is stored in 
lower 8 bits of word located at $0F13) . 



Note: 

If blocked area (bit 8) is 
$1 as shown above, ROM 
data is referred to 
Accumulator and B register 
after executing the P 
instruction. 



Fig. 4 ROM Table and the P Instruction 



(b) Accumulator and B register are used as a pointer to the data table. 

(c) Command in data table is read from the starting address, and 
compared with the input command using the pattern generation 
instruction (P) . 

(d) If the data table command and input command are the same, service 
routine starting address, which is stored in the address following 
the command, is loaded into Accumulator and B register using 

the pattern generation instruction (P) . ST flag is then cleared 
and CCASE terminated. 

(e) When data in data table is the terminator, ST flag is set and 
CCASE terminated. 
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4 . BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


FLOWCHART 





^ CCASE ^ 



CCASE 



Y -> B 
I 



SPY 



I Y ^ a" 



Pattern CCTAB 



A £ $0 
\ 



A ^ CWORK 
I 



B -> A 



A=$0 




j <. BR 

CAS3 w 

A 4 $0 

|A?^$0 ^ 

CCASl 



A7^$0 



Load data table address into 
Accumulator and B register. 

Load data table contents, 
specified by CCTAB, B register 
and Accumulator, into B register 
and Accumulator. 



Test for data table command or 
terminator (Accumulator =$0, 
B register=$0) . 
If terminator, set ST flag 
and terminate CCASE. 



A^HCMMD 



A^HCMMD 




BR 



-0 



A=HCMMD 



A ^ CWORK 



A^LCMMD 




At^LCMMD 

^0 



Compare input command with 
data table command. 



A=LCMMD 
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4. BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


FLOWCHART 





SPY ^ B 



X 



Y+1 -> Y 



Y ^ A 



Pattern CCTAB 

I z: 



A+$0 ^A 



CCAS2 



^ RTN ^ 







CCAS4 



Y^$0 



Y=$0 



If input command and data table 
command are the same, load service 
routine starting address into 
Accumulator and B register. 



Clear ST flag. 



If input command is different from 
data table command, add "2" to LSD 
of the data table address to compare 
with the next data table command. 

Test if LSD of data table address 
generates a carry. 

Increment the upper digit of data 
table address. 
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4. BRANCH FROM TABLE 


MCU 


HMCS400 SERIES 


LABEL 


CCASE 


PROGRAM LISTING 





ST-NO OBJECT AORS SOURCE STATEMENTS 

00001 010 0000 LLEN 132 

00002 **«*♦***♦**********«****«*♦#*******♦************♦« 

00003 * * 

00004 * NAME : BRANCH FROM TABLE (CCASE) * 

00005 * « 

00006 ******* *************>^*mw***M***#)kiki******y^yifm***m>ttmm**)ifM*m*Ai 



00007 








* 








00008 










PMTRY 


• nLPlrllJ « LLnnU 


vLunnAIMD) * 


00009 
















00010 








* 


RETURNS 


: A. B 


(^■.Ffi\JTrp RnilTTIMP <^T/ifiTTNfi anrkQ^A 


0001 1 












ST FLAG 


i 1 "U • r UUIMU 1 i 1 ■ 1 t r HL > * 


00012 








* 






* 


00013 










* 

*********** 


m*******m***** 


* ***W****ltHlttt( ********* ******^M***llf* 


onoi 4 
















00015 








HCMMD 


EOU 


$04C 


1 IDDCD PrlMlylAKin AAriD 

Urrtn LUMnAlMU ROL)K 


00016 








LCMMD 


EOU 


$04B 


1 nuPR rnMMOMD f^nrtR 

L-UJwCrA L. UririHI>ll^ HUUTK 


00017 








CWORK 


EOU 


$04A 


MnQk' adca Anno 
wunis HrttH HUUn 


0001 B 








CCTAB 


EOU 




MSD <8-llBIT) OF DATA TABLE ADDRESS 


00019 
















00020 










ORG 


$0100 




00021 








CCASE 


Pay 




C IM 1 n T r u i In 1 


00022 


OAF 




0100 








1 HAH V TMTn DCf*^ T r TC D / O 'k 


00023 


0C8 




0101 










00024 


002 




0102 




X^PY 




I OAn V TMTn A 


00025 


OAF 




0103 




LAY 






00026 


IBF 




0104 




p 


CCTAB 


1 nan n^^TA tapi c Anno TMTn ocntow/^ 


00027 


2B0 




0105 






$0 


A -< $0 ? 


00028 


180 


04A 


0106 




XMAO 


CWORK 




00029 


048 




0108 




LAB 






00030 


319 




0109 




BRS 


CCAS3 


BRANCH IF A « $0 


00021 


104 


04C 


OlOA 


CCASl 


ANEMD 


HCMMD 


INPUT COMMANDS B) » DATA TABLE COMMAND? 


00032 


31C 




OlOC 




BRS 


CCAS4 


BRANCH IF NOT EQUAL 


00033 


180 


04A 


01 00 




XMAO 


CWORK 




00034 


104 


04 B 


OlOF 




ANEMD 


LCMMD 


INPUT COMMANDS A) = DATA TABLE COMMAND? 


00035 


31 C 




0111 




BRS 


CCAS4 


BRANCH IF NOT EQUAL 


00036 


058 




0112 




LASPY 






00037 


oca 




0113 




LBA 






00038 


05C 




0114 




lY 






00039 


OAF 




0115 




LAY 






00040 


IBF 




0116 




P 


CCTAB 


LOAD SERVICE ROUTINE AOOR INTO REG(B>8A 


0004 1 


280 




0117 




AI 


T.0 


CLEAR STATUS FLAPj 


00042 


010 




0118 


CCAS2 


RTN 






00043 


2B0 




0119 


CCAS3 


ALEI 


$0 


A =< no ? 


00044 


318 




OllA 




BRS 


CCAS2 


BRANCH CCAS2 IF A = $0 


00045 


30A 




one 




BRS 


CCASl 


BRANCH CCASl IF A -/ $0 


00046 


05C 




one 


CCAS4 


lY 




ADD 2 TO REGISTFR<Y> 


0004 7 


05C 




01 ID 




lY 






00048 


002 




OllE 




XSPY 






00049 


300 




01 IF 




BRS 


ccase: 


BRANCH IF RFnTSTER<Y> =/ lO 


00050 


05C 




0120 




lY 




INCREMENT REGISTER(Y) 


00051 


300 




0121 




BRS 


CCASE 


BRANCH TO CCASE 


00052 


01 n 




0122 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

HCMMD: Defines upper digit address of 8-bit command. 
LCMMD: Defines lower digit address of 8-bit command. 

CWORK: Defines address where Accumulator, used as work area, is saved. 

CCTAB: Defines MSD of the data table referred to by the 
pattern generation instruction (P). 
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5 . CONVERT ASCII LOWERCASE INTO UPPERCASE 


MCU 


HMCS400 SERIES 




LABEL 1 


TPR 


FUNCTION 





Converts ASCII lowercase data using 7-bit ASCII arguments into uppercase 
data, loading result into Accumulator and B register. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Lowercase 
(ASCII) 


A,B 


2 


Returns 


Uppercase 
(ASCII) 


A,B 


2 



CHANGES IN CPU 
REGISTERS AND FLAGS 



• : Not affected 
^ : Undefined 
^ : Result 



SPX 



SPY 



CA 



ST 



SPECIFICATIONS 



1 word=10 bits 



ROM (Words) 



14 



RAM (Digits) 







Stack (Digits) 







No. of cycles 



13 



Reentrant 



No 



Relocatable 



No 



Interrupt OK? 



Yes 



DESCRIPTION 



(1) Function Details 



(a) Argument details 

. A,B : Holds ASCII lowercase. 

After TPR execution, contains the corresponding uppercase 
data. 

(b) Example of TPR execution is shown in Fig. 1. If entry argument 
lowercase *a' ($61) is held in Accumulator and B register as 
shown in part (l) of Fig. 1, lowercase data is converted into 
uppercase 'A' ($41), and the result is contained in Accumulator 
and B register. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $7 and $A held in Accumulator and B register, respectively. 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


MCU 


HMCS400 SERIES 


LABEL 


TPR 


DESCRIPTION 





® Entry argument 



Lowercase 'a' 
$61 



f, A,B 

(2) Return argument < (Uppercase 'A') 



Fig. 1 Example of TPR Execution 



b7 A B bO 



(2) User Notes 

(a) ST flag is set after TPR execution. 

(b) Data other than lowercase ASCII held in Accumulator and B register 
is destroyed after TPR execution. 

(3) RAM Allocation 

RAM is not used during TPR execution. 

(4) Sample Application 

Shown below is a sample application using TPR with address space allocated 
as follows . 



MD($0A2,$0A1) : ASCII lowercase 

After TPR execution, ASCII uppercase is contained. 



LWI $0 
I 

LAMD $0A1 
LBA 

LAMD $0A2 



CALL TPR 



LMAD $0A2 
LAB 

LMAD $0A1 , 



Example with W=0 . 

Load lowercase into entry argument. 
Call TPR. 

Store uppercase, contained in return 
argument, in RAM. 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


MCU 


HMCS400 SERIES 


LABEL 


TPR 


DESCRIPTION 





(5) Basic Operation 

(a) Input data in Accumulator and B register is tested for lowercase, 
using comparison instruction (YNEI, ALEI) . 

(b) After adding $E to input data using addition instruction (AI), bit 5 
of lowercase (bit 1 of Accumulator) is cleared as shown in Fig. 2 
and lowercase is converted into uppercase. 





Accumulator 




B Register 












bit 7 


6 


5 


4 ! 


3 


2 


1 












a($61) 


n 
u 


1 


1 


] 










]^ 










b($62) 





1 


1 


1 








1 













c($63) 

1 





1 


1 


; 








1 


1 




Lowercase 


(bit 


5="1") 


z($7A) 





1 


1 


1 1 


1 





1 


^ 










A ($41) 





1 





[ 











1 










B($42) 





1 





] 








1 













C($43) 

1 





1 





[ 








1 


1 


> 


Uppercase 


(bit 


5="0") 


Z($5A) 





1 





1 ] 


1 





1 


. 











Fig. 2 7-bit ASCII Lowercase and Uppercase 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


MCU 


HMCS400 SERIES 


LABEL 


TPR 


FLOWCHART 





TPR 



Y=$6 







A < $0 




A < $0 




Load upper digit of ASCII 
lowercase into Y register. 

Load lower digit of ASCII 
lowercase, into Accumulator. 



Test if entry argument data is 
greater than lowercase 'a'. 
(Lowercase 



Test if entry argument data is 
less than lowercase 'z'. 
(Lowercase = 'a' 'z*) 



Clear bit 1 of upper digit in 
lowercase and convert lowercase 
into uppercase. 
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5. CONVERT ASCII LOWERCASE INTO UPPERCASE 


MCU 


HMCS400 SERIES 


LABEL 


TPR 


PROGRAM LISTING 





ST-NO 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 



OBJECT 
100 



ADRS 
0000 



SOURCE STATEMENTS 

LLEN 13 




ENTRY : A (UPPER 4 BITS OF ASCII LOWERCASE) 

8 (LOWER 4 BITS OF ASCII LOWERCASE) 

RETURNS : A (UPPER 4 BITS OF ASCII UPPERCASE) 

B (LOWER 4 BITS OF ASCII UPPERCASE) 









ORG 


$0100 








TPR 


EOU 


* 


ENTRY POINT 


008 


0100 




LYA 




LOAD UPPER 4 BITS OF ASCII LOWERCASE 


048 


0101 




LAB 




LOAD LOWER 4 BITS OF ASCII LOWERCASE 


076 


0102 




YNEI 


$6 


UPPER 4 BITS OF ASCII L0WERCASE==$6 ? 


309 


0103 




BRS 


TPR3 


BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE 


280 


0104 




ALEI 


$0 


LOWER 4 BITS OF ASCII LOWERCASE =<$0 ? 


308 


0105 




BRS 


TPR2 


BRANCH IF LOWER 4 BITS OF ASCII LOWERCASE 


OAF 


0106 


TPRl 


LAY 




LOAD A FROM Y 


28E 


0107 




AI 


$E 


CONVERT LOWERCASE INTO UPPERCASE 


010 


0108 


TPR2 


RTN 






077 


0109 


TPR3 


YNEI 


$7 


UPPER ASCII =$7 ? 


308 


01 OA 




BRS 


TPR2 


BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE 


26A 


OlOB 




ALEI 


$A 


LOWER 4 BITS OF ASCII LOWERCASE=<$A ? 


306 


OlOC 




BRS 


TPRl 


BRANCH IF A =< $A 


308 


OlOD 




BRS 


TPR2 


BRANCH IF A > $A 
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6. CONVERT ASCII INTO l-DIGIT HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 




NIBBLE 


FUNCTION 





Converts 7-bit ASCII, '0* to '9' or 'A* to 'F' in Y register and Accumulator, 
into a 1-digit hexadecimal number, loading result into Accumulator. 



ARGUMENTS 


1 dieit= 4 bits 


CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


Contents 


Storage 
Location 


No. of 
Digits 


• : Not affected 
^ : Undefined 
^ : Result 


1 word=10 bits 

ROM (Words) 
U 


Entry 


ASCII 


Y,A 


2 


A 


B 


RAM (Digits) 


i 


• 





X 


Y 


Stack (Digits) 


' • 


X 





Returns 


Hexadecimal 
number 


A 


1 


SPX 


SPY 


No. of cycles 


• 


• 


13 


w 




Reentrant 


• 


No 


Conversion or 
no conversion 


ST 


(1 bit) 






Relocatable 


CA 


ST 


No 


X 




Interrupt OK? 








Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

Y,A : Holds ASCII. After NIBBLE execution, contains a 1-digit 
hexadecimal number in Accumulator. 

ST : Indicates status after NIBBLE execution. 

ST=0 : Indicates ASCII range of '0' to '9' or 'A' to 'F'. 

ST=1 : Indicates ASCII other than '0' to '9' or »A' to 'F'. 

(b) Example of NIBBLE execution is shown in Fig. 1. If entry argument 
is as shown in part (T) of Fig. 1, data $F, converted from ASCII 
into a 1-digit hexadecimal number, is contained in Accumulator 

as shown in part (2) of Fig. 1. 



SPECIFICATIONS NOTES 



"No. in cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $4 and $6 held in Y register and Accumulator, respectively. 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


NIBBLE 


DESCRIPTION 


V A 



(l) Entry argument 



Y,A 
(ASCII 'FM 
I $46 / 



hi 



bO 



(2) Return arguments'* 



/1-digit 
I hexadecimal 
^number 



ST A 
b3 bO 







Fig. 1 Example of NIBBLE Execution 



(2) User Notes 

Data other than ASCII '0' to '9' or 'A' to 'F' held in Accumulator 
and Y register is destroyed after NIBBLE execution. 

(3) RAM Allocation 

RAM is not used during NIBBLE execution. 

(4) Sample Application 

Shown below is a sample application using NIBBLE with address space 
allocated as follows. 



MD($0A1,$0A0) : 
MD($02B) : 


2-digit ASCII 

1-digit hexadecimal number 


LWI 


$0 


..... Example with W=0. 


LAMD 


$0A1 




LYA 




^ Load ASCII into entry argument. 


LAMD 


$0A0 





CALL NIBBLE 



BRS 
LMAD 



SKIP 
$02B 



Call NIBBLE. 

If ASCII is other than '0* to '9' or 'A' to 
'F', branch to service routine. 

Store a 1-digit hexadecimal number, contained 
in return argument, in RAM. 



SKIP 



Service routine for 

ASCII other than 

'0' to '9» or 'A' to »F' 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


NIBBLE 


DESCRIPTION 





(5) Basic Operation 

(a) Data in Y regis ter and Accumulator is tested if within range of '0* 
to '9' ( |l ij arpa in Table 1), using comparison instruction (ALEI) . 

(b) Next, data in Y regist er and Accumulator is tested if within range 
of 'A' to 'F' ( I I area in Table 1). 

(c) If data is other than above, ST flag is set and operation terminated. 

(d) After testing (a) and (b) , ASCII is converted into a 1-digit 
hexadecimal number. 

(i) If data is within range of *0' to '9', data in Accumulator is 
contained as return argument. 

(ii) If data is within range of 'A' to 'F', $9 is added to data in 

Accumulator to convert ASCII into a 1-digit hexadecimal number. 



Table 1 ASCII Table 



\^SD 





1 


2 


3 


4 


5 


6 


7 


LSD 


000 


001 


010 


Oil 


100 


101 


110 


111 


0000 


NUL 


DLE 


SP 





(a 


P 




P 


1 0001 


SOH 


DCl 


1 


1 




A 




Q 


a 


q 


2 0010 


STX 


DC 2 


>> 


2 




B 




R 


b 


r 


3 0011 


ETX 


DC 3 


# 


3 




C 




S 


c 


s 


A 0100 


EOT 


DC4 


$ 


4 




D 




T 


d 


t 


5 0101 


ENG 


NAK 


% 


5 




E 




U 


e 


u 


6 0110 


ACK 


SYN 


& 


6 




F 




V 


f 


V 


7 0111 


BEL 


ETB 


> 


7 


G 


w 


g 


w 


8 1000 


BS 


CAN 


( 


8 


H 


X 


h 


X 


9 1001 


HT 


EM 


) 


9 


I 


Y 


i 


y 


A 1010 


LF 


SUB 


* 




J 


Z 


j 


z 


B 1011 


VT 


ESC 


+ 




K 


[ 


k 


{ 


C 1100 


FF 


FS 




< 


L 


\ 


1 


1 


D 1101 


CR 


GS 






M 


] 


m 


} 


E 1110 


SO 


RS 




> 


N 




n 




F 1111 


SI 


VS 


/ 







<- 





DEL 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


NIBBLE 


FLOWCHART 





^ NIBBLE ^ 



NIBBLE 



Y ^ $3 



Y ^ $3 




BR 



Y=$3 



A < $9 




BR 



A<$9 



NIBl 



A>9 



Y 9^ $4 



A>$6 



A=$0 




A^$0 



A+$9 -^A 



NIBS 



A+$0 ^A 



NIB4 



^ RTN ^ 



Test if ASCII in entry 
argument is within range 
of '0' to ^9'. 



Test if ASCII in entry 
argument is within range 
of. 'A' to 'F' . 



Tconvert ASCII into a 1-digit 
hexadecimal number. 



..-r< 



Clear ST flag. 
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6. CONVERT ASCII INTO 1-DIGIT HEXADECIMAL 



MCU HMCS400 SERIES LABEL NIBBLE 



PROGRAM LISTING 



ST-ND 


OBJECT 


ADRS 


00001 


100 


0000 


00002 






00003 






00004 






00005 






00006 






00007 






00008 






0000^5 






00010 






00011 






00012 






00013 






00014 






00015 






00016 






00017 


073 


0100 


00018 


304 


0101 


00019 


2B9 


0102 


00020 


30C 


0103 


00021 


074 


0104 


00022 


300 


0105 


00023 


266 


0106 


00024 


309 


0107 


00025 


30D 


0108 


00026 


280 


0109 


00027 


30D 


OlOA 


00028 


289 


0108 


00029 


280 


OlOC 


00030 


010 


OlOD 



SOURCE STATEMENTS 

LLEN 132 

********************* *********>)<*♦ 

* * 

* NAME : CONVERT ASCII INTO 1-DIGIT HEXADECIMAL (NIBBLE)* 



ENTRY 
RETURNS 



Y (UPPER ASCII) 

A (LOWER ASCII) 

A (HEXADECIMAL DATA) 

ST FLAG (ST=1 ;CONVERTED. ST=0;FALSE) 





ORG 


$0100 






NIBBLE 


EOU 




ENTRY POINT 






YNEI 


$3 


UPPER ASCII = *3 ? 






BRS 


NIBl 


BRANCH IF UPPER ASCII 


= / $3 




ALEI 


$9 


LOWER ASCII =< $9 ? 






BRS 


NIB3 


BRANCH IF LOWER ASCII 


= < $9 


NIBl 


YNEI 


$4 


UPPER ASCII = $4 ? 






BRS 


NIB4 


BRANCH IF UPPER ASCII 


= / $4 




ALEI 


$6 


LOWER ASCII =< $6 ? 






BRS 


NIB2 


BRANCH IF LOWER ASCII 


= < $6 




BRS 


NIB4 


BRANCH IF L GWFR ASCII 


> $d. 


NIB2 


ALEI 


$0 


LOWER ASCII =< $0 ? 






BRS 


NIB4 


BRANCH IF ASCII %0 






AI 


$9 


CONVERT ASCII INTO HEXADECIMAL NUMBER 


NIB3 


AI 


$0 


CLEAR STATUS FLAG 




NIB4 


RTN 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 


MCU 


HMCS400 SERIES 




LABEL 




COBYTE 


FUNCTION 





Converts 8~bit binary data, held in SPY register and Accumulator, into 
2-figure ASCII and stores result in RAM; uses 7-bit ASCII arguments. 



ARGUMENTS 



1 digit* 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Upper digit 
of 8-bit bi- 
nary number 


SPY 


1 


Lower digit 
of 8-bit bi- 
nary number 


A 


1 


Returns 


Upper digit 
of ASCII 


MD($03D, 
$03C) 


2 


Lower digit 
of ASCII 


MD($03B, 
$03A) 


2 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 




^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






19 


A 


B 


RAM (Digits) 


X 


X 


4 


X 


Y 


Stack (Digits) 


X 


X 


4 


SPX 


SPY 


No. of cycles 


• 


X 


27 


w 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

SPY, A : Holds 8-bit binary number to be converted into 

ASCII. 

(SPY: Upper digit, A: Lower digit) 
MD($03D'\^ $03A) : Contains 2-figure ASCII. 

(b) Example of COBYTE execution is shown in Fig. 1. If entry arguments 
are as shown in part ® of Fig. 1, data, converted from 8-bit 
binary number into ASCII, is contained in MD ($03D $03A) as shown in 
part (2) of Fig. 1. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to convert $99 into ASCII. 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 


MCU 


HMCS400 SERIES 


LABEL 


COBYTE 


DESCRIPTION 





(J) Entry arguments 



r SPY, A 

I / 8-bit binary 
I number 
$F3 



hi 



SPY 



bO 



r MD($03D'\> $03A) 
@ Return arguments^ ,2-digit ASCII s 
P'F'=$46, '3'=$33^ 



bl5 



MD($03D 



bO 



$03A) 



Fig. 1 Example of COBYTE Execution 



(2) User Notes 



(a) ST flag is set after COBYTE execution. 



(b) After COBYTE execution, 8-bit binary number held in SPY register 
and Accumulator is destroyed. If 8-bit binary number needs to be 
retained after COBYTE execution, it should be saved in memory before 
execution . 



(3) RAM Allocation 



J 1 1 ^ J ^ — 

FIEIDICIBIAI9I8I7 



1 1 1 1 \ 1 

I5I4I3I2I1I0 



■4- 



-4- 



-I- 



-4- 



02 



03 
04 
05 
06 



I I 

I 
I 

"T" 



^Upper/:Lower= 
^ASCiI<: ASCII 



I I I I I I 
. + + j«_4.-.H 

I I I I I I I I 
.J--I ± X- J 



I I i I I i i I I I 

_1 I L-1 I L- J L- 

I i I I I I I I I 

i I 1 I I I I I I 

-T-n--r-T--i — r~T — \"r' 
I I I I I i I i I 

+ — — 4.«-(_^|-- 

I I I I I I 

-1- J I 1- J L- 



I I 



I 



I 



I 



I 



I 



I 



I 



Fig. 2 RAM Allocation 



b7 



bO 



Label RAM Description 

Upper ASCII, which is converted from upper 4-bit of 
8-bit binary number (held in SPY register). 
MD($03D,$03C) X and Y addresses are defined by XCOB and YCOB, 
respectively . 



m 



hi 



bO 



MD($03B,$03A) 



Lower ASCII, which is converted from lower 4-bit of 
8-bit binary number (held in Accumulator). 
X and Y addresses are defined by XCOB and YCOB, 
respectively . 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 



MCU HMCS400 SERIES LABEL COBYTE 



DESCRIPTION 



Sample Application 




Shown below is a sample 


application using COBYTE with address space 


allocated as follows. 




MD($0A4,$0A3) : 8 


-bit binary data 


MD($OAD'\' $OAA) ; 2 


-figure ASCII 


LWI $0 


.... Example with W=0 . 



LAMD 


$0A4 


LYA 




XSPY 




LAMD 


$0A3 , 


CALL 


COBYTE 


LAMD 


$03A ^ 


LMAD 


$OAA 


LAMD 


$03B 


LMAD 


$OAB 


LAMD 


$03C 


LMAD 


$OAC 


LAMD 


$03D 


LMAD 


$OAD ^ 



Load 8~bit binary number into entry 
argument . 



Call COBYTE. 



Store 2-figure ASCII, contained in return 
argument, in RAM. 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 


MCU 


HMCS400 SERIES 


LABEL 


COBYTE 


DESCRIPTION 





(5) Basic Operation 

(a) (i) If data in SPY register and Accumulator is within range of 

$0 to $9 ( [' 11 a rpp in Table 1), $30 is added to the data. 

(ii) If data in SPY re gister and Accumulator is within range of 
$A to $F ( I l area in Table 1), $37 is added to the data. 

(b) Upper ASCII, converted from data in SPY register, is stored 
MD($03D,$03C) . Lower ASCII, converted from data in Accumulator, 
is stored in MD ($03B ,$03A) . 



Table 1 ASCII Table 





MSD 





1 


2 


3 


4 


5 


6 


7 


LSD 




000 


001 


010 


Oil 


100 


101 


110 


111 





0000 


NUL 


DLE 


SP 





(a 


P 




P 


1 


0001 


SOH 


DCl 


! 


1 




A 




Q 


a 


q 


2 


0010 


STX 


DC2 


> > 


2 




B 




R 


b 


r 


3 


0011 


ETX 


DC 3 


# 


3 




C 




S 


c 


s 


4 


0100 


EOT 


DC4 


$ 


4 




D 




T 


d 


t 


5 


0101 


ENG 


NAK 


% 


5 




E 




U 


e 


u 


6 


0110 


ACK 


SYN 


& 


6 




F 




V 


f 


V 


7 


0111 


BEL 


ETB 


» 


7 


G 


W 


g 


w 


8 


1000 


BS 


CAN 


( 


8 


H 


X 


h 


X 


9 


1001 


HT 


EM 


) 


9 


I 


Y 


i 


y 


A 


1010 


LF 


SUB 


* 




J 


Z 


j 


z 


B 


1011 


VT 


ESC 


+ 




K 


[ 


k 


{ 


C 


1100 


FF 


FS 


» 


< 


L 


\ 


1 


1 


D 


1101 


CR 


GS 






M 


] 


m 


} 


E 


1110 


SO 


RS 




> 


N 


t 


n 




F 


1111 


SI 


VS 


/ 












DEL 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 


MCU 


HMCS400 SERIES 


LABEL 


COBYTE 


FLOWCHART 





^ COBYTE ^ 



COBYTE 



XCOB 


-> X 






YCOB Y 






CONIB 






A -> M 


Y+1 


^ Y 



P Lo 

CLo 
St 



Load RAM address, where ASCII is 
ored, into X register. 



Load LSD address, where ASCII is 
tored, into Y register. 



C Convert lower 4 bits of 8-bit 
binary data into ASCII. 

Store lower digit of converted 
ASCII in RAM. 

Increment Y address ivhere 
ASCII is stored. 



B ^ A 







A - 


^ M 


Y + 1 -> Y 






SPY 


-> A 






CONIB 






A 


■ M 


Y+1 


-> Y 






B ^ 


M 







^ RTN ^ 



Store upper digit of converted 
ASCII in RAM. 



Increment Y address where 
_ASCII is stored. 

ELoad upper 4 bits of 8-bit 
binary number into Accumulator. 

E Convert upper 4 bits of 8-bit 
binary number into ASCII. 

Store lower digit of converted 
ASCII in RAM. 

Increment Y address where 
_ASCII is stored. 

I Store upper digit of converted 
ASCII in RAM. 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 


MCU 


HMCS400 SERIES 


LABEL 


COBYTE 


FLOWCHART 





CONIB 




" Load $3 as the upper digit of ASCII 
'0' to '9\ 

Test if data is less than $9 or 
greater than $A. When data is 
less than $9, contents of 
B register and Accumulator 
can be used as ASCII. 

When data is greater than $A, 
subtract $9 from the data and 
load $4 into B register to 
convert data into ASCII, 



CONIBl 
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7. CONVERT 8-BIT BINARY DATA INTO ASCII 



MCU HMCS400 SERIES LABEL COBYTE 



PROGRAM LISTING 



ST-NO 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
0O023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 



OBJECT ADRS 
010 0000 



SOURCE STATEMENTS 

LLEN 132 

* * 

* NAME : CONVERT 8-BIT BINARY DATA INTO ASCII (COBYTE) * 



SPY (UPPER 4 BITS OF 8-BIT BINARY DATA)* 

A (LOWER 4 BITS OF 8-BIT BINARY DATA)* 

MD($030. S03C) (UPPER ASCII) * 

MD($03B.$03A) (LOWER ASCII) * 



XCOB 
YCOB 



223 
21A 

160 lOD 

050 

048 

050 

058 

160 lOD 
050 
OCO 
010 

203 
2B9 
312 
287 
204 
010 



0100 
0101 
0102 
0104 
0105 
0106 
0107 
0108 
OlOA 
OlOB 
OlOC 

OlOD 
OlOE 
OlOF 
OHO 
Oil 1 
0112 



EQU 


$3 


EOU 


$A 


ORG 


$0100 


EQU 




LXI 


XCDB 


LYI 


YCOB 


CALL 


CONIB 


LMAIY 




LAB 




LMAIY 




LASPY 




CALL 


CONIB 


LMAIY 




XMB 




RTN 




LBI 


$3 


ALEI 


$9 


BRS 


CONIBl 


AI 


$7 


LBI 


$4 


RTN 





ASCII ADDR(X) 

LSD ADDR(Y) OF ASCII 



ENTRY POINT 
LOAD ADDR(X) 
LOAD ADDR(Y) 

CONVERT LOWER 4 BITS BINARY INTO ASCII 
STORE UPPER ASCII AND INCREMENT ADDR(Y) 

STORE LOWER ASCII 

CONVERT UPPER 4 BITS BINARY INTO ASCII 
STORE UPPER ASCII AND INCREMENT ADDR(Y) 
STORE LOWER ASCII 



LOAD UPPER ASCII 

ASCII = '0'-"^* OR 'A'-'F' ? 

BRANCH IF ASCII = '0'-'9' 

CONVERT BINARY DATA INTO ASCII ('A' 

LOAD UPPER ASCII 



When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XCOB: Defines X address of ASCII. 

YCOB: Defines LSD Y address of ASCII. 
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8. COUNT LOGICAL "1" BITS 


MCU 


HMCS400 SERIES 


LABEL 1 


HCNT 


FUNCTION 





Counts number of logical "1" bits in 8-bit data string in HHBIT and LHBIT (RAM) , 
and loads result into B register; permits easy parity checking. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 
Digits 


Entry 


8-bit number 


HHBIT, 

LHBIT 

(RAM) 


2 


Returns 


No. of 

logical "1" 
bits 


B 


1 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






19 


A 


B 


RAM (Digits) 


X 




2 


X 


Y 


Stack (Digits) 


• 


X 


4 


SPX 


SPY 


No. of cycles 


• 


• 


68 


w 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

HHBIT,LHBIT(RAM.) : Holds 8-bit number in which number of logical "1" 
bits will be counted. 

B ; Contains number of logical "1" bits in 8-bit number string. 

(b) Example of HCNT execution is shown in Fig. 1. If entry argument is 
as shown in part (l) of Fig. 1, number of logical "1" bits is 
contained in B as shown in part (£) of Fig. 1. 

(c) Contents of HHBIT and LHBIT (RAM) are saved after HCNT execution. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
count the number of logical "1" bits in $FF. 
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8. COUNT LOGICAL "1" BITS 



MCU HMCS400 SERIES LABEL HCNT 



DESCRIPTION 



b7 



HHBIT 



HHBIT,LHBIT 
® Entry argument 4 (RAM) 

(8-bit number $76) 



r B 

(2) Return arguments /Number of logical\ 

[ bits - $5 / 



Fig. 1 Example of HCNT Execution 

(2) User Notes 

ST flag is set after HCNT execution. 

(3) RAM Allocation 



LHBIT 



bO 






1— » 


1 


1 





1 


1 






b3 B bO 





1 

F 1 E 


1 

D 1 C 


1 — 1 — T — r T 1 i 1 1 1 1 1 

BlAl9l8l7l6l5l4l3l2lllO 


02 
03 


1 1 



1 
1 


1 i 1 1 1 1 1 i i 1 1 1 1 

L-.1 l^-l 1 1 L_l 1 L-I. — 1 1 

i 1 i 1 1 1 1 1 1 1 t 1 i 
1 1 1 1 1 1 1 i 1 1 1 1 1 


04 


- T - 


///k==. 
MSDtLSD 


n rxn rin ryi r 
1 1 i 1 1 1 1 i 1 1 i 
i--h-4.--H--h--4 — — + -^--| 


05 
06 


1 

-.-X 1 

1 

_ — — ' 


1 
1 


1 1 1 1 1 1 1 1 1 1 1 
L ±- J«_L-1^ — 1_ J^-L-. 

1 1 1 1 1 1 1 1 1 1 1 

' ' I. 1 1 1 1 t 1 1 1 

T T-., r T 1 "g-^ 



Fig. 2 RAM Allocation 



Label 



HHBIT 



LHBIT 



RAM 



b3 



bO 



MD($04D) 
b3 bO 



ELSDE 



Description 



Upper digit of 8-bit number for counting number 
of logical "1" bits. 



Lower digit of 8-bit number for counting number 
of logical "1" bits. 



MD($04C) 
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8. COUNT LOGICAL "1" BITS 


MCU 


HMCS400 SERIES 


LABEL 


HCNT 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using HCNT with address space 
allocated as follows. 



MD($OAD,$OAC) : 8-bit number 

MD($OBD) : No. of logical "1" bits in 8-bit number string 

LWI $0 Example with W=0 . 

LAMD $OAD ' 

LMAD HHBIT 

LAMD $OAC 

LMAD LHBIT ^ 

I CALL HCNT | | 

LAB 1 
LMAD $OBD J 



Store 8-bit number in entry argument. 
Call HCNT. 

Store number of logical "1" bits, contained 
in return argument, in RAM. 
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8. COUNT LOGICAL "1" BITS 


MCU 


HMCS400 SERIES 


LABEL 


HCNT 


DESCRIPTION 





(5) Basic Operation 

(a) In HMCS400 series, when counting number of logical "1" bits is 
performed with 2 or more digits, the same operation is repeated for 
each digit. In this program, upper digit of 8-bit data is counted 
first, and then lower digit is counted. 

(b) Y register is used as a counter to count 4 bits. 

(c) Data in Accumulator is loaded into CA flag bit by bit using rotation 
instruction (ROL) . 

(d) CA flag is tested. When CA flag is "1", B register is incremented. 
When CA flag is "0", no operation is performed. 

(e) Y register is decremented every time (d) is executed. 

(f) Operation loops from (c) to (e) until Y register is $F, to obtain 
number of logical "1" bits in upper digit. 

(g) Number of logical "1" bits in lower digit is obtained by repeating 
steps (b) to (f). 
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8. COUNT LOGICAL "1" BITS 


MCU 


HMCS400 SERIES 


LABEL 


HCNT 


FLOWCHART 





^ HCNT ^ 



HCNT 



$0 • 


> B 






HHBIT 


■> A 


1 


HC 


1 


LHBIT 


-> A 






H 


C 



^ RTN ^ 



Clear counter (HI bit counter) 
to count the number of logical 
"1" bits. 

Load upper digit of 8-bit data 
into Accumulator. 



{ 



Call subroutine HC to count 
l~digit logical "1" bits. 

Load lower digit of 8-bit data 
into Accumulator. 

Call subroutine HC to count 
1-digit logical "1" bits. 



HC2 



CA=1 



X 



CIO 



HC 



$3 -> Y 



HCl 



Rotate A 
left 1 bit 
\ Z 



Test CA 




BR 



B+1 ^ B 




'^A=0 


1 




HC3 




Y - 1 -> Y 




Store rotation counter. 

Load MSB of 4-bit data into CA 
flag. 

Test whether one of 4-bit data 
contained in CA flag is "1" or 
"0". 



. If data in CA flag is "1", 
_increment HI bit counter. 

Decrement rotation counter and 
test if all bits are counted. 
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8. COUNT LOGICAL "1" BITS 


MCU 


HMCS400 SERIES 


LABEL 


HCNT 


PROGRAM LISTING 





ST-NO 


OBJECT 


AORS 


SOURCE 


STATEMENTS 






00001 


010 




0000 




LLEN 


132 




00002 












************ 


**. ■(<********* ****************** 


00003 








* 








00004 










NAME : COUNT LOGICAL " 


1" BITS (HCNT) * 


00005 
















00006 










* ******* 


****************************** 


00007 
















00008 










_ 


• UWOTT 


(UPPER 4 BITS OF DATA) * 


00009 








* 




, LJRTT 

b 


(LOWER 4 BITS OF DATA) * 


000 1 










RETURNS 


■ 6 


(NUMBER OF LOGICAL "1" BITS)* 


0001 1 
















00012 








****** 


*********** 


************ 


****************************** 


0001 3 








* 








00014 








HHBIT 


EOU 


$040 


1 ippcp il-RTT DATA CinnR 


00015 








LHBIT 


EQU 


$04C 


LOWER 4-BIT DATA ADDR 










* 








00017 










ORG 


$0100 




00018 








HCNT 


EQU 


* 


ENTRY POINT 


00019 


200 




0100 




LBI 


$0 


CLEAR HIGH BIT COUNTER(B) 


00020 


190 


040 


0101 




LAMO 


HHBIT 


LOAD UPPER 4-BIT DATA 


00021 


160 


lOA 


0103 




CALL 


HC 


CALL 1 DIGIT COUNTER SUBROUTINE 


00022 


190 


04C 


0105 




LAMD 


LHBIT 


LOAD LOWER 4-BIT DATA 


00023 


160 


lOA 


0107 




CALL 


HC 


CALL 1 DIGIT COUNTER SUBROUTINE 


00024 


010 




0109 




RTN 






00025 


213 




01 OA 


HC 


LYI 


$3 


LOAD ROTATION COUNTER(Y) 


00026 


OAl 




0108 


HCl 


RQTL 




ROTATE 8-BIT DATA LEFT 1 BIT 


00027 


06F 




OlOC 




TC 




TEST CARRY 


00028 


30F 




0100 




BRS 


HC2 


BRANCH IF CA = 1 


00029 


310 




OlOE 




BRS 


HC3 


BRANCH IF CA = 


00030 


04C 




OlOF 


HC2 


IB 




INCREMENT HIGHT BIT COUNTER(B) 


00031 


ODF 




01 10 


HC3 


DY 




DECREMENT ROTATION COUNTERS Y) 


00032 


30B 




0111 




BRS 


HCl 


LOOP UNTIL ROTATION COUNTER(Y) 


00033 


010 




01 12 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

HHBIT: Defines upper digit address of 8-bit number. 
LHBIT: Defines lower digit address of 8-bit number. 
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9. SHIFT 8-BIT DATA 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Shifts 8-bit binary data stored in RAM a specified number of times to the 
right. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Unsigned 
8-bit binary 
number to be 
shifted to 
the right 


MD($033, 
$032) 


2 


No. of shifts 


B 


1 


Returns 


Shift result 


MD($033, 
$032) 


2 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






11 


A 


B 


RAM (Digits) 


X 


X 


2 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


• 


• 


46 


w 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 
MD($033,$032) : 



Holds 8-bit binary number to be shifted to the right. 
After SHR execution, contains shift result. 

B : Holds number of shifts. 

Contents of B = Number of actual shifts - 1 
(See (2) User Notes) 

(b) Example of SHR execution is shown in Fig. 1. If entry arguments 

are as shown in part (p of Fig. 1, 8-bit binary number is shifted 

to the right as shown in part (2) of Fig. 1. 

In this case, "0"s are shifted into the 2 leftmost bits. 



SPECIFICATIONS NOTES 

"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to shift 8 bits of binary data 3 bits to the right. 
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9. SHIFT 8-BIT DATA 


MCU 


HMCS400 SERIES 


LABEL 


SHR 


DESCRIPTION 





(T) Entry arguments -< 



b3 bO 



B($l) 



MD($033,$032) 



MD($033,$032) 
($CB) 



1 


1 








1 





1 


1 



®r> . ^ J MD($033,$032)^^r: 

Return argument-^ ($32) 0"*T_0 




MD($033, $032) 
Fig. 1 Example of SHR Execution 

(2) User Notes 

(a) ST flag is set after SHR execution. 

(b) When specifying number of shifts, load B register with number of 
actual shifts less 1. In part @ of Fig. 1, $1 is held in B register 
since number of actual shifts is 2. 

(c) Number of shifts in B register must be within the range of 
$0 ^ B ^ $7, otherwise MD ($033, $032) becomes "0". 

(d) Shift operation permits easy multiplication of 8-bit binary number 
by 2"^. (n = number of shifts) 
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9. SHIFT 8-BIT DATA 


MCU 


HMCS400 SERIES 


LABEL 


SHR 


DESCRIPTION 





(3) RAM Allocation 



Y 


F j E 


D i C 1 B 1 A i 9 1 8 1 7 i 6 1 5 1 4 


3 i 2 1 1 i 


•02 
03 




! ' ' 1 ! 1 ■ t ! 
1 ' 1 1 1 ' 1 

1 1 1 1 1 ! 1 1 ! 




MSDLSD 1 


04 
05 


— -[--- 

i— 





Fig. 2 RAM Allocation 



Label 



RAM 



Description 

^7 bO Holds 8-bit binary number to be shifted to the 

right before execution. 
Contains shift result after execution. 
X and Y addresses are defined by XSFT and YSFT, 
MD($033, $032) respectively. 
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9. SHIFT 8-BIT DATA 


MCU 


HMCS400 SERIES 


LABEL 


SHR 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using SHR with address space 
allocated as follows. 



MD($0A3,$0A2) 


: 8-bit binary number to be shifted 


MD($0A4) 


: No. of shifts 


MD($0A6,$0A5) 


: 8-bit binary shift result 



LWI $0 Example with W=0 . 

I 
I 
I 
I 

LAMD $0A3 ^1 

LMAD $033 

LAMD $0A2 I 

LMAD $032 > 

LAMD $0A4 
LBA ^ 

CALL SHR 11 

LAMD $033 > 

LMAD $0A6 

LAMD $032 

LMAD $0A5 ^ 



Store 8-bit binary number to be shifted 
to the right in entry argument. 



Load number of shifts into entry 
argument . 

Call SHR. 



Store shift result, which is contained 
in return argument, in RAM. 



(5) Basic Operation 

(a) 8-bit binary number is shifted to the right 1 digit at a time. 

(b) B register is used to count the number of shifts, and is decremented 
each time (a) is executed. 

Operation loops to (a) until B register becomes $F. 
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9. SHIFT 8-BIT DATA 


MCU 


HMCS400 SERIES 


LABEL 


SHR 


FLOWCHART 





B^$F 



^ SHR 



SHR 



XSFT ^ X 



SHRl 



YSFT Y 



CA 




SHR2 






M ^ A 






Rotate A 
1 bit right 




1 


A M 
Y-1 -> Y 




Y ^ BASFT 


^^^...^^'^'^'-^.^ Y^BASFT 

<r BR ' 



Y=BASFT 



B-1 -> B 




RTN 



Load address of 8-bit binary 
number to be shifted into 
X and Y registers. 



Clear CA flag to clear MSB. 



Rotate upper digit of 8-bit 
binary number to the right and 
set LSB of upper digit to MSB 
of lower digit. 



Decrement Y address of 8-bit 
binary number. 

Test if all digits of 8-bit 
binary number are rotated 
1 bit to the right. 



i 



Decrement shift counter. 
Test if shift is completed. 
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9. SHIFT 8-BIT DATA 


MCU 


HMCS400 SERIES 


LABEL 


SHR 


PROGRAM LISTING 





ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


1 


0000 




LLEN 


•TO 






00002 






****** 


********* 


********* 






00003 






* 










00004 






* 


NAME : 


SHIFT 3- 


BIT 


DATA (SHR) * 


00005 






* 










0000^^ 






* * + X. * * 


********* 


********* 




********************************+• 


00007 






* 








* 


00008 






* 


ENTRY 




MD($033, $032) (8-BIT BINARY DATA) * 


00009 






* 






B 


(SHIFT COUNTER) * 


00010 






* 






MD($033, $032) (8-BIT BINARY DATA) * 


0001 1 






* 










00012 






****** 










00013 






* 










0001^1 






XSFT 


EOU 


$3 




8-BIT BINARY DATA ADDR(X) 


00015 






YSFT 


EOU 


$3 




8-BIT BINARY DATA AODR(Y) 


00016 






BA5FT 


EQLI 


$1 




8-BIT BINARY DATA LSD A00R(Y)-1 


00017 
















000 18 








ORG 


$0100 






ODO 1 9 






SHR 


EOU 






ENTRY POINT 


00020 




0100 




LXI 


XSFT 




LOAD ADDR(X' 


0002 1 


213 


0101 


SHRl 


LYI 


YSFT 




LOAD ADDR(Y) 


ooo:''2 


OEC 


0102 




REC 








00023 


O-^'O 


0103 


SHR2 


LAM 






LOAD BINARY DATA 


00024 


OAO 


0104 




RCTR 






ROTATE BINARY DATA 


00025 


ODO 


0105 




LMADY 






STORE SHIFT DATA AND DECREMENT AD 


00026 


071 


0106 




YNEI 


BASFT 




00027 


303 


0107 




BRS 


SHR2 






00028 


OCF 


0103 




DB 






DECREMENT SHIFT COUNTER 


00029 


301 


1 09 




BRS 


SHRl 




LOOP UNTIL SHIFT COUNTER = $0 


00030 


010 


01 OA 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XSFT: Defines X address of 8-bit binary number to be shifted 
to the right. 

YSFT: Defines MSD Y address of 8-bit binary number to be shifted 
to the right. 

BASFT: Defines LSD Y address less 1 of 8-bit binary number to be 
shifted to the right. (YSFT-$2; if this is negative, 
value should be defined as $F.) 
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10. 4-DIGIT BCD COUNTER 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Increments 4-digit BCD counter; permits easy counting of interrupts 
(external, timer, etc.). 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 








Returns 


4-digit 
BCD counter 


MD($03D ^ 
$03A) 


4 


Overflow or 
no overflow 


CA 


(1 bit) 



CHANGES IN CPU 
REGISTERS AND FLAGS 




SPECIFICATIONS 


• : Not affected 
^ : Undefined 




1 word=10 bits 


: Result 




ROM (Words) 








10 




A 


B 




RAM (Digits) 




X 


• 




4 




X 


Y 




Stack (Digits) 




X 


X 









SPX 


SPY 




No. of cycles 




• 


• 




30 




w 






Reentrant 




• 






No 








Relocatable 




CA 


ST 




No 






X 




Interrupt OK? 








Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD ($03D $03A) : Used as a 4-digit BCD counter, incremented by every 
DECNT execution. 



CA 



CA = 1 
CA = 



Indicates counter status after DECNT execution. 
: Indicates counter overflows. (See Fig. 2) 
: Indicates counter incremented normally. 



(b) Example of DECNT execution is shown in Fig. 1. When DECNT is executed, 
4-digit BCD counter is incremented as shown in part @ of Fig. 1. 



SPECIFICATIONS NOTES 



N/A 
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10. 4-DIGIT BCD COUNTER 


MCU 


HMCS400 SERIES 


LABEL 


DECNT 


DESCRIPTION 





® Before execution 



bl5 MD($03D^$03A) bO 



MD($03D'\. $03A) 
(4099) 



4 9 9 



@ After execution 



i 



MD($03D'\> $03A) 4 
(4100) ' ' ' 



CA bl5 MD($ 03D^^ $03A) bO 



Fig. 1 Example of DECNT Execution 





9 


9 


9 


9 


CA 








1 ^ 1 















Fig. 2 Example of Counter Overflow 

(2) User Notes 

(a) ST flag is set after DECNT execution. 

(b) If counter overflows as shown in Fig. 2, counter is cleared. 

(3) RAM Allocation 





F 1 E 


1 1 
1 D ! 


c i B j A i 9 i 8 

— 1 — — \ — I — ' 


1 

7 ! 6 


5 1 4 


3 


2 11 1 


02 
03 




1 — \ 

t 1 

^d| 


1 } 1 , 

i j ' • ^ 

^^^lsdI ! 










04 

05 
"'06*"' 


"I 


1 1 
! 1 
1 1 

1 1 
1 1 

!--! 

i L 


« ' • 











Fig. 3 RAM Allocation 



Label 



RAM 



Description 




4-digit BCD counter. 

X and Y addresses are defined by XDCNT 
and YDCNT, respectively. 



MD($03D '\.$03A) 
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10. 4-DIGIT BCD COUNTER 


MCU 


HMCS400 SERIES 


LABEL 


DECNT 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using DECNT with address space 
allocated as follows. 



MD($OAD'\^ $OAA) 



BCD counter 



LWI 
1 



$0 



CALL DECNT 



TC 




BRS 


OVER J 


LAMD 


$03A " 


LMAD 


$0AA 


LAMD 


$03B 


LMAD 


$0AB 


LAMD 


$03C 


LMAD 


$0AC 


LAMD 


$03D 


LMAD 


$OAD . 



Example with W=0 . 
Call DECNT. 

If BCD counter overflows, branch to 
service routine. 



Store counting result of 4-digit BCD counter, 
contained in return argument, in RAM. 



OVER 



Service routine in case of overflow 
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10. 4-DIGIT BCD COUNTER 


MCU 


HMCS400 SERIES 


LABEL 


DECNT 


DESCRIPTION 





(5) Basic Operation 

(a) X and Y registers are used as a pointer to BCD counter in RAM. 

(b) CA flag is set before incrementing. 

(c) Formula 1 below and decimal adjustment are performed using the AMC 
and DAA instructions, respectively. CA flag is set if addition 

of a digit generates a carry or overflow after the fourth digit. 

M + $0 + CA A (Formula 1) 

(d) Y register is incremented. Operation loops to (c) until 4-digit 
process is completed. 
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10. 4-DIGIT BCD COUNTER 


MCU 


HMCS400 SERIES 


LABEL 


DECNT 


FLOWCHART 






Load LSD address of 4-digit BCD 
counter into X and Y registers. 



Set CA flag and clear Accumulator 
to increment BCD counter. 



_ In the first loop, increment LSD in 

- 4-digit BCD counter. 
From the second loop on, perform addition 
considering carry generated from the 

I previous addition. 

Adjust addition result into decimal, 
and load result into RAM for 
4-digit BCD counter. 

Increment Y address of 4-digit 
BCD counter. 



Test if counting by 4-digit BCD 
counter is completed. 
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10. 4-DIGIT BCD COUNTER 


MCU 


HMCS400 SERIES 


LABEL 


DECNT 


PROGRAM LISTING 





ST ND 


OBJECT 


AORS 




STATEMENTS 




oono I 


010 


0000 




LLEN 


132 




UUUU-i 






****** 








00003 






* 








00004 








NAME : 4 


-DIGIT BCD COUNTER (DECNT) * 


00005 






* 






* 


00006 






****** 


<t<>»c«X(>K >«)«>•(>«( 


************* 




00007 






* 








00008 






* 


ENTRY 


: NOTHING 


* 


00009 






* 


RETURNS 


: MO ($030- 


$03A) (4-DIGIT BCD COUNTER) * 


0001 






* 




CA FLAG 


(CA-0:INCREMENTED.CA=1 ;0VERFL0W> * 


000 1 1 














000 1 2 






****** 


>|< >K »< >t< <tof: >tc>K >K 






000 1 3 














00014 






XDCNT 


EOU 


$3 


BCD COUNTER ADDR<X) 


00015 






YDCNT 


EOU 


f.A 


BCD COUNTER LSD ADDR(Y) 


00016 






BADCN 


EOU 


$E 


BCD TERMINATOR FDR ADDR(Y) 


00017 














00018 








ORG 


$0100 




00019 






DECNT 


ECU 




ENTRY POINT 


00020 


223 


0100 




LXI 


XDCNT 


LOAD AOOR(X) 


00021 


21A 


0101 




LYI 


YDCNT 


LOAD LSD ADDR(Y) 


00022 


OEF 


0102 




SEC 




SET CARRY FLAG 


00023 


230 


0103 


DECNTl 


LAI 


$0 


CLEAR A 


00024 


018 


0104 




AMC 




INCREMENT BCD COUNTER 


00025 


0A6 


0105 




DAA 




CONVERT INTO BCD DATA 


00026 


050 


0106 




LMAIY 




STORE BCD COUNTER AND BCD DATA 


00027 


07E 


0107 




YNEI 


BADCN 


REG(Y) =/ BCD COUNTER ? 


00028 


303 


0108 




BRS 


DECNTl 


LOOP UNTIL REG(Y) = BCD COUNTER 


00029 


010 


0109 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 



XDCNT: Defines X address of 4-digit BCD counter. 
YDCNT: Defines LSD Y address of 4-digit BCD counter. 



BADCN: Defines loop terminator value for comparison with 
incremented Y address. (YDCNT + $4; if this is 
overflow, value should be defined as $0.) 
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11. COMPARE 8-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Compares 2 groups of 8-bit binary data and loads result into B register 
corresponding to >, =, or <; uses unsigned integers as entry arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 




First value 


MD($033, 
$032) 


2 


Entry 


Second value 


MD($043, 
$042) 


2 


Returns 


Comparison 
result 


B 


1 



CHANGES IN CPU 
REGISTERS AND FLAGS 


Q P T? P T "C T P A T T HM Q 
Dlr JiUlr lUAi lUlNo 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






18 


A 


B 


RAM (Digits) 


X 




4 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


X 


• 


28 


W 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($033,$032) ; Holds the first value of 8-bit binary number. 
MD ($043, $042) : Holds the second value of 8-bit binary number. 
B : Contains $0, $1 or $2 according to comparison result. 

(b) Example of CMP execution is shown in Table 1. 

If entry arguments are as shown in Table 1, one of 3 codes ($0, $1, 
$2) is contained in B register according to comparison result. 

(c) Entry arguments are saved after CMP execution. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to compare 2 values which are the same. 
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11. COMPARE 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


CMP 


DESCRIPTION 





Table 1 Example of CMP Execution 



Entry arguments 


Return 
Argument 


First value 
MD($033,$032) 


Greater 
or less 


Second value 
MD($043,$042) 


B 

register 


$F6 


> 


$20 


$1 


$22 




$22 


$2 


$40 


< 


$F0 


$0 



(2) User Notes 



(a) ST flag is set after CMP execution. 



(b) When upper digit is not needed, "0" must be stored in upper digit. 
Otherwise correct data cannot be obtained since comparison is 
performed with undefined data in upper digit. 

(3) RAM Allocation 





F i E i D 1 C j B i A 1 9 i 8 j 7 1 6 1 5 i 4 


3 ! 2 


1 ! 


02 


• I ! I ' ' 1 1 ' 1 I 
1 1 { j • 1 [ j 1 , j 

1 ! 1 ' 1 ■ ' ! ■ ! 1 


1 
1 




03 


7/////y/A 

MSDiLSD 




04 




MSDtLSD 




05 


1 ! ' ' > ' 1 


T 

! 


1 
1 




— — j 1 


1 


• 



Fig. 1 RAM Allocation 



Label 



RAM 



Description 



b7 



bO 



MD($033, $032) 
b7 bO 



=MSD^LSD= 



MD($043, $042) 



First value of 8-bit binary number. 

X and Y addresses are defined by XCMD and 

YCMT, respectively. 



Second value of 8-bit binary number. 

X and Y addresses are defined by XCMT and 

YCMT, respectively. 
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11. COMPARE 8~BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


CMP 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using CMP with address space allocated 
as follows. 



MD($0A3,$0A2) : First value of 8-bit binary number 
MD($0B3,$0B2) : Second value of 8-bit binary number 



LWI 
1 


$0 


1 

LAMD 


$0A3 - 


LMAD 


$033 


LAMD 


$0A2 


LMAD 


$032 ^ 


LAMD 


$0B3 


LMAD 


$043 


LAMD 


$0B2 


LMAD 


$042 , 


CALL 


CMP 



Example with W=0 . 



Store the first value of 8-bit binary number 
in entry argument. 



Store the second value of 8-bit binary number 
in entry argument. 



Call CMP. 



LAB 






ALE I 


$0 


Branch to service routine for 




First value < Second value 


BRS 


SKIPl^ 




ALE I 


$1 1 


Branch to service routine for 


BRS 


SKIP2_ 


First value > Second value 


ALE I 


$2 - 


Branch to service routine for 


BRS 


SKIP 3^ 


' First value = Second value 


JMPL 


SKIP4 





(Continued on next page) 
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11. COMPARE 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


CMP 


DESCRIPTION 





(Continued from previous page) 



SKIPl 



SKIP2 



SKIP 3 



Service routine in case of 
First value < Second value 



JMPL SKIP4 



Service routine in case of 
First value > Second value 



JMPL SKIP4 



Service routine in case of 
First value = Second value 



SKIP4 

(5) Basic Operation 

(a) In HMCS400 series, when comparison is performed with 2 groups of 2 or 
more digits, the same operation sequence is repeated for each digit. 

(b) After execution of comparison instruction (ALEM) , result is contained 
in B register. 

(c) Upper digits are compared using comparison instruction (ALEM). 
(i) If upper digits are the same, lower digits are then compared. 

(ii) If not the same, CMP is exited. 
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11. COMPARE 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


CMP 


FLOWCHART 





CMP 



CMP 




XCMD 


SPX 



XCMT -> X 
I 



YCMT Y 



A >M 



A M 



$0 


^ B 




CMPl 




M - 


> A 




X ^ 


SPX 








A ^ M 




<C!^BR^^^!> 


CMP 2 


A^M 


A 7^ M 




BR 




rA=M 


SPX 


^ X 








Y-1 


-> Y 








Y ^ 


BACMT 




^^^^^--^.^ Yt^BACMT 




Load MSD of RAM address, where 
the first and the second values 
are stored, into X and Y registers. 



{Clear B register where comparison 
result is stored. 



Load the second value from MSD. 

Load X address where the first 
value is held. 



Compare first value with second 
one . 



Test if the first and second 
values are the same. 



Load X address where the second 
value is stored. 

Decrement Y address where the first 
and second values are stored. 



Test if comparison for all digits 
is completed. 



Store comparison result in B register. 
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11. COMPARE 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


CMP 


PROGRAM LISTING 





ST -NO 


OBJECT 




^QURCE 


STATEMENTS 




00001 


010 


nnnn 

JUOO 




LLEN 


132 


00002 






****** 












* 






nmn' 






* 


NAME : COMPARE 8 


nnnnr 






* 






UUUU6 






****** 


*********** 


****** 














r\r\nr>a 
UUUUtJ 






* 


ENTRY : 


MD($0 


00009 






* 




MD($0' 


nnni ? 






* 


RETURNS : 


8 








* 






nnm o 






****** 


*********** 




nnni f 






* 












XCMD 


EQU 


$3 


nnm r 






XCMT 


EOU 


$4 


000 li^ 








EQU 


$3 


000 1 7 






BACMT 


EQU 


$1 








* 






0001 9 








ORG 


$0100 


00020 








EQU 




00021 


223 


0100 




LXI 


XCMD 


00022 


001 


0101 




XSPX 




00023 


224 


0102 




LXI 


XCMf 


00024 


213 


0103 




LYI 


YCMT . 


00025 


200 


0104 




LBI 


$0 


00026 


091 


0105 


CMP] 


LAMX 




0002? 


014 


0106 




ALEM 




00028 


309 


0107 




BRS 


CMP2 


00029 


31 1 


01 OS 




BRS 


CMP4 


00030 


004 


0109 


CMP2 


ANEM 




00031 


310 


1 OA 




BRS 


CMP3 


00032 


001 


01 OB 




XSPX 




00033 


ODF 


OlOC 




DY 




00034 


071 


01 00 




YNEI 


BACMT 


00055 


305 


OJOE 




BRS 


CMPl 


00036 


04 C 


01 OF 




IB 




00037 


04C 


0110 


CMP3 


IB 




00038 


010 


01 1 1 


CMP4 


RTN 





(FIRST VALUE) 
(SECOND VALUE) 
(COMPARISON RESULT) 



FIRST VALUE ADDR(X) 
SECOND VALUE ADDR (Y> 
MSD ADDR(Y) OF FIRST 8 
LOOP I^MINATOR FOR ADDR(X^ 



SECOND VALUE 



ENTRY POINT 

LOAD FIRST VALUE ADDRCSPX) 

LOAD SECOND VALUE ADDR<X) 
LOAD SECOND VALUE AODR(Y) 
CLEAR B 

LOAD SECOND VALUE 
DETERMINE RELATION 
BRANCH IF A -< M 
BRANCI-I IF A > M 



TEST IF A 



M 



BRANCH IF A 
LOAD SECOND VALUE ADDR(X) 
DECREMENT AODR(Y) 
TEST LOOP COUNTER 
BRANCH IF Y =/ LOOP COUNTER 
INCREMENT B (RESULT) 
INCREMENT 8 CRESUI.T) 



When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XCMD: Defines X address of the first value. 

XCMT: Defines X address of the second value. 

YCMT: Defines MSD Y address of the first and second values. 

BACMT: Defines loop terminator value for comparison with 

decremented Y address. (YCMT-$2; if this is negative, 
value should be defined as $F.) 
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12. ADD 8-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Perforins addition of 8-bit binary data in RAM, and stores result in RAM; 
uses unsigned integers as arguments. 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 




X : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






14 


A 


B 


RAM (Digits) 


X 


• 


4 


X 


Y 


Stack (Digits) 


• 


• 





SPX 


SPY 


No. of cycles 


• 


• 


16 


w 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 






Interrupt OK? 




Yes 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Augend 


HAUG, 

LAUG 

(RAM) 


2 


Addend 


HADD, 

LADD 

(RAM) 


2 


Returns 


Addition 
result 


HAUG, 

LAUG 

(RAM) 


2 


Carry or 
no carry 


CA 


(1 bit) 


ST 


(1 bit) 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

HAUG, LAUG(RAM): Holds augend of 8-bit binary number. After ADD 
execution, contains addition result. 

HADD, LADD(RAM): Holds addend of 8-bit binary number. 

CA, ST : Indicates whether a carry is generated or not after 

ADD execution. 

CA=1, ST=1 : Indicates a carry is generated in addition result. 

(See Fig. 2) 

CA=0, ST=0 : Indicates no carry is generated in addition result. 



SPECIFICATIONS NOTES 



N/A 
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12. ADD 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


ADD 


DESCRIPTION 





(b) Example of ADD execution is shown in Fig. 1. If entry arguments are 
as shown in part (1) of Fig. 1, addition result is contained in HAUG, 
LAUG(RAM) as shown in part @ of Fig. 1. 

HAUG LAUG 
b 7 bO 

HAUG, LAUG(RAM)($20) | 2 | ]^ Augend 



® Entry arguments 
+) 



HADD LADD 
HADD, LADD (RAM) ($B0) | B | | 



- Addend 



@ Return 
arguments 



CA HAUG LAUG 

b7 bO 
HAUG, LAUG [oj | D | 1 

(RAM) 

($D0) ST 



Addition 
result 



Fig. 1 Example of ADD Execution 



+) 



CA 

m 

ST 

CD 



I F I 6 I — Augend 
I 1 I 4 1 ^ — Addend 



-Addition result 



Fig. 2 Example of Addition When Carry is 
Generated 



(2) User Notes 

(a) When upper digit is not needed, "0" must be stored in upper digit as 
shown in Fig. 3. Otherwise correct addition result cannot be obtained 
since addition is performed with undefined data in upper digit. 



■ Augend 



I I 7 I — Addend 



CA 

ST 



•Addition result 



Fig. 3 Example of Addition When Upper 
Digits are not Needed 
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12. ADD 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


ADD 


DESCRIPTION 





(b) After ADD execution, augend is destroyed since addition result is 
contained in HAUG and LAUG(RAM). If augend needs to be retained 
after ADD execution, it should be saved in memory before execution. 



(3) RAM Allocation 





F 


E j D 


c 


B 


A 


9 


8 


7 


6 


5 


4 


3 


2 


1 





02 


































03 






MSDJLSD 


























04 
05 







msdJlsd 













































































Fig. 4 RAM Allocation 



Description 

Upper digit of 8-bit binary augend before 
execution. 

Upper digit of 8-bit binary addition result 
after execution. 



Lower digit of 8-bit binary augend before 
execution. 

Lower digit of 8-bit binary addition result 
after execution. 



Upper digit of 8-bit binary addend. 



Lower digit of 8-bit binary addend. 



Label 



RAM 



HAUG 



b3 



bO 



^MSD^ 
MD($03D) 



b3 



bO 



LAUG 



HADD 



LADD 



MD($03C) 

b3bO 

jMSDE 
MD($04D) 

b3b0 
=LSD= 



MD($04C) 
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12. ADD 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


ADD 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using ADD with address space allocated 
as follows. 



MD($OAD, 


$OAC) : 


Augend 






After execution, addition result is contained. 


MD($OBD, 


$OBC) : 


Addend 



LWI 
j 


$0 


LAMD 


$OAC 


LMAD 


LAUG 


LAMD 


$OAD 


LMAD 


HAUG ^ 


LAMD 


$OBC 


LMAD 


LADD 


LAMD 


$OBD 


LMAD 


HADD ^ 


CALL 


ADD 


BRS 


OVER 


LAMD 


LAUG 


LMAD 


$OAC 


LAMD 


HAUG 


LMAD 


$OAD 



■Example with W=0. 

■ Store augend in entry argument . 

Store addend in entry argument. 
Call ADD. 

-Branch to service routine in case of carry. 



Store addition result, contained in return 
'argument, in RAM. 



OVER 



Service routine in 
case of carry 
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12. ADD 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


ADD 


DESCRIPTION 





(5) Basic Operation 

(a) In HMCS400 series, when addition is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 

(b) CA flag is cleared, and lower digits are added using addition 
instruction (AMCD) as shown in (Formula 1) . If a carry is generated 
after (Formula 1) execution, CA flag is set. 

Augend + Addend + CA Addition result (Formula 1) 

(c) Upper digits are then added using addition instruction (AMCD). 
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12. ADD 8-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



ADD 



FLOWCHART 



ADD I 



CA 



LADD A 



LAUG4-A+CA->A 



A LAUG 



HADD A 



HAUG+A+CA->A 



I 



A -> HAUG 



^ RTN 



[Clear CA flag for carry generation 
process. 



Add lower digits and store addition 
result in RAM for augend. 



Add upper digits considering carry 
generated by addition of lower digits. 
Store addition result in RAM. 
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12. ADD 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


ADD 


PROGRAM LISTING 





ST-NO OBJECT AORS SOURCE STATEMENTS 



00001 


010 




0000 




LLEN 


132 




00002 








***** 


«*«**«*****«***»*****««««* 


******************************** 


00003 








* 






* 


00004 








* 


NAME : ADO 


8-BIT BINARY 


OAT A (AOO) * 


00005 








* 






* 


00006 








***** 


*«***««*«*«»«*»«********** 


«****«*«**«*««*««»)«(«»* iK A** IX « )K ** « 


00007 








* 






* 


00008 








* 


ENTRY 


: HAUG. LAUG 


(AUGENO) * 


00009 












HADO.LAOD 


(AOOENO) * 


00010 








* 


RETURNS 


: HAUG. LAUG 


(AOOITION RESULT) * 


00011 












CA FLAG(CA 


-0 ; NORMAL RETURN . CA» 1 : OVERFLOW ) * 


00012 














* 


00013 








***** 


************* 


K»*** ********* 


******************************** 


00014 
















00015 








HAUG 


EOU 


$030 


UPPER AUGENO 


00016 








LAUG 


EOU 


$03C 


LOWER AUGENO 


00017 








HAOO 


EOU 


$040 


UPPER AOOENO 


00018 








LAOO 


EOU 


$04C 


LOWER ADDEND 


00019 
















00020 










ORG 


$0100 




00021 








AOO 


EOU 




ENTRY POINT 


00022 


OEC 




0100 




REC 




CLEAR GARRY FLAG 


00023 


190 


04C 


0101 




LAMO 


LAOO 


LOAD LOWER ADDEND 


00024 


118 


03C 


0103 




AMCO 


LAUG 


ADO LOWER ADDEND TO LOWER AUGEND 


00025 


194 


03C 


0105 




LMAD 


LAUG 


STORE LOWER ADDITION RESULT 


00026 


190 


040 


0107 




LAMO 


HAOO 


LOAD UPPER ADDEND 


00027 


118 


030 


0109 




AMCO 


HAUG 


ADO UPPER ADDEND TO UPPER AUGENO 


00028 


194 


030 


0108 




LMAD 


HAUG 


STORE UPPER ADDITION RESULT 


00029 


010 




0100 




RTN 







When storing arguments in other RAM locations, change the EQU 



operands for the following 


labels. 






HAUG: 


Defines 


upper digit 


address 


of 


augend . 


LAUG: 


Defines 


lower digit 


address 


of 


augend . 


HADD: 


Defines 


upper digit 


address 


of 


addend . 


LADD: 


Defines 


lower digit 


address 


of 


addend . 
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13. SUBTRACT 8-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



FUNCTION 



Performs subtraction of 2-digit binary data in RAM, and stores result in 
RAM; uses unsigned integers as arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Minuend 


HMIN, 

LMIN 

(RAM) 


2 


Subtrahend 


HSUB, 

LSUB 

(RAM) 


2 


Returns 


Subtraction 
result 


HMIN, 

LMIN 

(RAM) 


2 


Borrow or 
no borrow 


CA 


(1 bit) 


ST 


(1 bit) 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 
^ : Result 


1 word=10 bits 


ROM (Words) 


14 


A 


B 


RAM (Digits) 


X 


• 


4 


X 


Y 


Stack (Digits) 


• 


• 





SPX 


SPY 


No. of cycles 


• 


• 


16 


w 




Reentrant 


• 


No 






Relocatable 


CA 


ST 


No 




t 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

HMIN, LMIN(RAM): Holds 8-bit binary minuend. After SUB execution, 
contains subtraction result. 

HSUB, LSUB (RAM): Holds 8-bit binary subtrahend. 

CA, ST : Indicates whether a borrow is generated or not after 

SUB execution 

CA=1, ST=1 : Indicates no borrow is generated in subtraction result. 

CA=0, ST=0 : Indicates a borrow is generated in subtraction result, 

(see Fig. 2) 



SPECIFICATIONS NOTES 




N/A 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


DESCRIPTION 





(b) Example of SUB execution is shown in Fig. 1. If entry arguments are 
as shown in part ® of Fig. 1, subtraction result is contained in 
HMIN, LMIN(RAM) as shown in part (2) of Fig. 1. 

HMIN LMIN 

bO 

^ I C ] Minuend 



Q Entry 

arguments 



HMIN, LMIN (RAM) 
($FC) 



HSUB, LSUB(RAM) 
($6C) 



HSUB LSUB 
I 6 I C 



@ Return 

arguments 



HMIN, LMIN 
(RAM) 
($90) 



CA 

m 

ST 

cn 



HMIN LMIN 
b7 bp 



Ton 



- Subtrahend 



Subtraction 
result 



Fig. 1 Example of SUB Execution 



(2) User Notes 



(a) When subtraction result is negative as shown in Fig. 2 
(minuend < subtrahend) , the result is in 2's complement. 

(b) When upper digit is not needed, "0" must be stored in upper digit 
as shown in Fig. 3. Otherwise correct subtraction result cannot be 
obtained since subtraction is performed with undefined data in 
upper digit. 





4 


1 3 


|-*- Minuend 







1 9 1 
















-) 




1 6 


1 Subtrahend 


-) 


° 


3 


CA 








CA 








A 


1 « 


1 Subtraction 


m 




1 6 1 


ST 






result 


ST 

m 







Subtrahend 



result 



Fig. 2 Example When Borrow is Fig. 3 Example When Upper Digit is 

Generated Not Used 



(c) After SUB execution, minuend is destroyed since subtraction result is 
stored in HMIN, LMIN(RAM). 

If minuend needs to be retained after SUB execution, it should be 
saved in memory before execution. 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


DESCRIPTION 





(3) RAM Allocation 





F 1 E 


D 1 C 


BiAi9|8|7|6i5i4i3i2ilio 


02 






1 1 1 I 1 1 I 1 1 1 1 
1 1 ,1 1 1 ' * 1 ' 1 


03 




MSDJLSD 


■-fl4-i-r+4-T-f4-l-- 


04 


1 


MSDrLSD 


— j— I— 


05 

i 


j 


i 

Fig. 4 


1 I • 1 ' ' 1 I • ' 

— • ' 1 ' ' J-—^ 

RAM Allocation 



Label 



HMIN 



LMIN 



HSUB 



RAM 
b3 bO 



MD($03D) 



b3 



bO 



MD($03C) 
b3 bO 



= MSD= 



Description 

Upper digit of minuend before execution. 
Upper digit of subtraction result after 
execution. 



Lower digit of minuend before execution. 
Lower digit of subtraction result after 
execution. 



Upper digit of subtrahend. 



MD($04D) 



LSUB 



b3 bO 



=LSD= 



MD($04C) 



Lower digit of subtrahend. 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


DESCRIPTION 





(4) Sample Application 



Shown below is a sample application using SUB with address space allocated 
as follows. 



MD($OAD, 


$OAC) : 


Minuend 






After execution, subtraction result is contained. 


MD($OBD, 


$OBC) : 


Subtrahend 



LWI 
1 
1 


$0 


Example with W=0. 


LAMD 


$OAD 




LMAD 


HMIN 


Store 8-bit binary minuend in 


LAMD 


$OAC 


argument . 


LMAD 


LMIN , 




LAMD 


$OBD " 




LMAD 


HSUB 


Store 8-bit binary subtrahend 


LAMD 


$OBC 


argument . 


LMAD 


LSUB , 





CALL 



BRS 
BRS 



SUB 



WORK 
BRROW 



•Call SUB. 

If a borrow is generated, branch to 
service routine. 



WORK 



LAMD 
LMAD 
LAMD 
LMAD 



HMIN 
$OAD 
LMIN 
$OAC 



Store 8-bit binary subtraction result, 
contained in return argument, in RAM. 



BRROW 



Service routine 
in case of borrow 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


DESCRIPTION 





(5) Basic Operation 

(a) In HMCS400 series, when subtraction is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 

(b) CA flag is set . Subtraction of lower digits is then performed 
using subtraction instruction (SMCD) as shown in (Formula 1) 
(CA flag is cleared if borrow is generated). 

Minuend - Subtrahend - CA Result (Formula 1) 

(c) Subtraction of upper digits is performed using subtraction instruction 
(SMCD). 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


FLOWCHART 





^ SUB ^ 



SUB 



1 CA 



LSUB -> A 



I 



LMIN-A-CA -^A 



A LMIN 
I 



HSUB A 



HMIN-A-CA->A 



A -> HMIN 
^ RTN 



Set CA flag for borrow process. 



Subtract lower digits, and store 
subtraction result in RAM for 
minuend . 



Subtract upper digits considering 
borrow (CA) , and store subtraction 
result in RAM for minuend. 
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13. SUBTRACT 8-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


SUB 


PROGRAM LISTING 





ST -NO 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 



OBJECT AORS 
010 0000 



SOURCE STATEMENTS 



LLEN 



132 



NAME : SUBTRACT 8-BIT BINARY DATA <SUB) 



ENTRY : HMIN. LMIN(MINUEND) 

HSUB . L SUB < SUBTRAHEND ) 

RETURNS : HMIN, LMIN(SUBTRACTION RESULT) 

FLAG <CA=0,ST=0:80RROW 

CA=1 .ST=1 ; NORMAL RETURN) 



00016 








HMIN 


EQU 


$030 


UPPER MINUEND 


00017 








LMIN 


EQU 


$03C 


LOWER MINUEND 


00018 








HSUB 


EQU 


X040 


UPPER SUBTRAHEND 


00019 








LSU8 


EQU 


$04C 


LOWER SUBTRAHEND 


00020 








* 








00021 










ORG 


$0100 




00022 








SUB 


EQU 




ENTRY POINT 


00023 


OEF 




0100 




SEC 




SET CARRY FLAG 


00024 


190 


04C 


0101 




LAMD 


LSUB 


LOAD LOWER SUBTRAHEND 


00025 


198 


03C 


0103 




SMCD 


LMIN 


SUBTRACT LOWER SUBTRAHEND FROM 


00026 


194 


03C 


0105 




LMAO 


LMIN 


STORE LOWER SUBTRACTION RESULT 


00027 


190 


04D 


0107 




LAMD 


HSUB 


LOAD UPPER SUBTRAHEND 


00028 


198 


03D 


0109 




SMCD 


HMIN 


SUBTRACT UPPER SUBTRAHEND FROM 


00029 


194 


03D 


0108 




LMAO 


HMIN 


STORE UPPER SUBTRACTION RESULT 


00030 


010 




0100 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 



HMIN: 


Defines 


upper 


digit 


address 


of 


minuend . 


LMIN ; 


Defines 


lower 


digit 


address 


of 


minuend . 


HSUB: 


Defines 


upper 


digit 


address 


of 


subtrahend 


LSUB : 


Defines 


lower 


digit 


address 


of 


subtrahend 
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14. MULTIPLY 16-BIT BINARY DATA 



MCU HMCSAOO SERIES LABEL 



FUNCTION 



Performs multiplication of 16-bit binary data in RAM, and stores 32-bit 
binary product in RAM; uses unsigned integers as arguments. 



ARGUMENTS 



1 digit== 4 bits 



Contents 



Entry 



Returns 



Multiplicand 



Multiplier 



Product 
(upper 16 

bits) 



Product 
(lower 16 
bits) 



Storage 
Location 



MD($03D ^ 
$03A) 



MD($049 ^ 
$046) 



MD($04D 
$04A) 



MD($049 ^ 
$046) 



No. of 

Digits 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






29 


A 


B 


RAM (Digits) 


X 


X 


12 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


X 


• 


1550 


W 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($03D ^$03A) : Holds 16-bit binary multiplicand. 

MD($049 ^^$046) : Holds 16-bit binary multiplier. After MUL execution, 
contains lower 16-bit of product. 

MD($04D '\^$04A) : Contains upper 16-bit of product. 

(b) Example of MUL execution is shown in Fig. 1. If entry arguments are 
as shown in part ® of Fig. 1, product is contained in MD($04D $046) 
as shown in part (2) of Fig. 1. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
multiply a multiplicand and multiplier both equal to $FFFF. 
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14. MULTIPLY 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


MUL 


DESCRIPTION 





MD($03D ^$03A) 
bl5 bO 



Q Entry 

arguments 



MD($03D ^$03A)($A0B6) 



MD($049 ^ $046) ($1F6A) 



X) 



A I I B I 6 I -Multiplicand 

MD($049 ^$046) 

I 1 I F I 6 I A I Multiplier 



MD($04D ^$046) 
,b31 bO 



® Return f««(504D - $046) j i | 3 | B | 8 | 9 | 5 TTTFI ^ Product 

argument I ($13B8955C) ^ — i— ' ' ' ' ' ' ' 

Fig. 1 Example of MUL Execution 
(c) Table 1 shows product when $0 is held in entry arguments. 

Table 1 Product When Holding "0" in Entry Arguments 



Entry Arguments 


Return Argument 


Multiplicand 
MD($03D v$03A) 


Multiplier 
MD($049 ^$046) 


Product 

MD($04D ^$046) 


(note) 


$0000 


$00000000 


$0000 


$**** (note) 


$00000000 


$0000 


$0000 


$00000000 



(note) $****: Hexadecimal data 
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14. MULTIPLY 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


MUL 


DESCRIPTION 





(2) User Notes 

(a) ST flag is set after MUL execution. 

(b) When upper digits are not needed, "0" must be stored in upper digits 

as shown in Fig. 2. Otherwise correct product cannot be obtained since 
multiplication is performed with undefined data in upper digit. 



1 ^ 





F 


A 









5 


B 



Multiplicand 
Multiplier 



q|o|q|o|5|8|d|e 



Product 



Fig. 



Multiplication Example When Upper Digit 
is Not Used 



(c) After MUL execution, multiplier is destroyed since lower 4 digits of 
product is contained in MD ($049 % $046) . If multiplier needs to be 
retained after MUL execution, it should be saved in memory before 
execution. 

(3) RAM Allocation 



W^X"\ 


FiEjDiciBiA!9i8!7i6i5i4i3 


2 1 1 1 


02 






03 






'•«'!; 




04 


r 


iMSDj I ^LSD 


^S^^^^^L s£j I 1 




05 
06 


• 
1 


' 1 i 
1 1 1 

1 1 1 1 
1 1— i_ 


i i ' i I • 

I ' ! I ! 1 
■ u_J_ • ' 



Label 



RAM 



bl5 




MD($03D '\.$03A) 



bl5 




Fig. 3 RAM Allocation 

Description 

16-bit binary multiplicand. 

X and Y addresses are defined by XMCAN 

and YMPRO, respectively. 



Upper 16--bit of product. 

X and Y addresses are defined by 

XPROW and YMPRO, respectively. 



MD($04D ^$04A) 



bl5 



bO 



$MSDsf$S^ 



16-bit binary multiplier before execution. 
Lower 16-bit product after execution. 
X and Y addresses are defined by XPROW and 
YMLSB, respectively. 



MD($049 '^^$046) 
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14. MULTIPLY 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


MUL 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using MUL with address space allocated 
as follows. 



MD($OAD'\.$OAA) 


: Multiplicand 




MD($OBD%$OBA) 


: Multiplier 




MD($OAD $0A6) 


: Product 




LWI 
1 


$0 




Example with W=0. 


LXI 


$3 






XSPX 








LXI 


$A 






LYI 


$A 




Store multiplicand in entry 




argument . 


WORKl LAMX 








LMAIYX 








YNEI 


$E 






BRS 


WORKl ^ 







(Continued on next page) 
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14. MULTIPLY 16-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



MUL 



DESCRIPTION 



(Continued from previous page) 



W0RK2 



W0RK3 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 



CALL 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 



$4 

$B 
$6 



$A 

W0RK2 



Store multiplier in entry argument. 



MUL 



Call MUL. 



$A 

$4 
$6 



$E 

W0RK3 



Store product, contained in return 
argument, in RAM. 
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MCU HMCS400 SERIES LABEL 



MUL 



14. MULTIPLY 16-BIT BINARY DATA 



DESCRIPTION 



(5) Basic Operation 

(a) Example of 4-bit binary multiplication is shown in Fig. 4. 



Bit 



3 2 10 

^l' 4' 4* 

I 1 I 1 I I 1' 

I I I I I 



I 



|0 , 



I 1 ! 



Multiplicand xbit of multiplier (l)-> 

Multiplicand X bit 1 of multiplier (0)-^ 

Multiplicand X bit 2 of multiplier (0)-^ 

Multiplicand xbit 3 of multiplier (1)-^ + 1 



1110 10 



Fig. 4 Multiplication Example ($DX$9=$75) 



Multi- 
plicand 
. Multiplier 

(i) 

, (2) Partial 
^"products 

(5) Product 
((i) + (2) + (3) + ©) 



Multiplication of 16-bit binary data requires obtaining partial products, 
as shown in (l) , (2) , (5) and (4) , and adding them. ( (5) in Fig. 4) 
Each bit of binary data is either "0" or "1". If multiplier bit is "1", 
its partial product is multiplicand ( (T) and (4) in Fig. 4), while if 
multiplier bit is "0", its partial product is "0". ( (2) and (3) in 
Fig. 4) 

(b) Program operation is described below according to the multiplication 
example in Fig. 4. 

(i) RAM for upper digit of product is cleared. 

(ii) LSB of multiplier is tested whether it is "0" or "1" to obtain 
partial product. 

(iii) B register is decremented. 

(iv) Operation loops (ii) and (iii) until B register is $F. 
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14. MULTIPLY 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


MUL 


FLOWCHART 





MUL ^ 



MUL 



XPROW -> X 



LLoad product and multiplier 
address into x register. 




Clear RAM for product. 



-[ 



Load counter indicating number of 
partial products. 



PLoad LSD address where multiplier 
I is stored into Y register. 

Clear CA flag so that "1" is not 
set in MSB, when rotating RAM 
for product. 



Test whether LSB of multiplier is 
"1" or "0". 



Store LSB of product in MSB of 
multiplier . 

Rotate the next bit to calculate 
the next partial product into 
LSB of multiplier. 



I Decrement counter indicating 
|_^number of partial products. 

Test if all partial products 
|_have been acquired. 
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MCU HMCS400 SERIES LABEL 



MUL 



14. MULTIPLY 16-BIT BINARY DATA 



FLOWCHART 



MUL5 



SPX 



XMCAN X 



YMCAN -> Y 



MUL6 



M A 



SPX 



M+A+CA-)- A 



M 



Y+1 -^Y 
X ^ SPX 



Y BACAN 



{Save X address of product and 
multiplier. 



-i 



Load X address of multiplicand. 
Load Y address of LSB of multiplicand. 



Yt^BACAN 




BR 



When LSB of multiplier is "1", 
add multiplier to product because 
partial product is multiplier in 
this case. 



SPX 



6 



Y=BACAN 

I Restore X address of product and 

[^multiplier. 
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14. MULTIPLY 16-BIT BINARY DATA 



MCU 



HMCS400 SERIES 



LABEL 



MUL 



PROGRAM LISTING 



ST-NG 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


010 


0000 




LLEN 


132 




00002 






****** 


*********** 


******* 


******************************** 


00003 






* 








00004 






* 


NAME : MULTIPLY 8 


-BIT BINARY DATA <MUL> * 


00005 






* 






♦ 


00006 






****** 


*********** 


*************************************** 


00007 






* 






« 


00008 






* 


ENTRY 




MD($03D-$03A) (MULTIPLICAND) * 


00009 






* 






M0<$049-$046) (MULTIPLIER) * 


00010 






* 


RETURNS 




MD($04D-$046) (PRODUCT) * 


00011 






* 






♦ 


00012 






****** 


*********** 


******* 


******************************** 


00013 






* 








00014 






XMCAN 


EOU 


$3 


MULTIPLICAND ADOR(X) 


00015 






XPROW 


EOU 


$4 


MULTIPLIER & PRODUCT ADDR(X) 


00016 






YMLSB 


EOU 


$6 


MULTIPLIER a PRODUCT LSD ADDR(Y) 


00017 






YMPRO 


EOU 


$D 


MULTIPLICAND £ PRODUCT MSD ADDR(Y) 


00018 






YMCAN 


EQU 


SA 


MULTIPLICAND LSD ADDR(Y) 


00019 






BAPRQ 


EOU 


$5 


MULTIPLICAND & PRODUCT LSD ADDR(Y)-1 


00020 






BACAN 


EQU 


$E 


MULTIPLICAND S PRODUCT MSD AD0R(Y)+1 


00021 






* 








00022 








ORG 


$0100 




00023 






MUL 


EOU 


* 


ENTRY POINT 


00024 


224 


0100 




LXI 


XPROW 


LOAD MULTIPLIER S PRODUCT AODR(X) 


00025 


21A 


0101 




LYI 


YMCAN 


LOAD MULTIPLICAND ADDR(Y) 


00026 


290 


0102 


MULl 


LMIIY 


$0 


CLEAR PRODUCT 


00027 


07E 


0103 




YNEI 


BACAN 




00028 


302 


0104 




BRS 


MULl 




00029 


20F 


0105 




LBI 


$F 


LOAD BIT COUNTER 


00030 


216 


0106 


MUL 2 


LYI 


YMLSB 


LOAD MULTIPLIER LSD ADOR INTO REG(Y) 


00031 


OEC 


0107 




REC 




CLEAR CARRY 


00032 


08C 


0103 




TM 


$0 


TEST LSB OF PRODUCT = $0 ? 


00033 


313 


0109 




BRS 


MUL5 


BRANCH IF LSB = $1 


00034 


21D 


OlOA 


MUL 3 


LYI 


YMPRO 




00035 


090 


OlOB 


MUL 4 


LAM 






00036 


OAO 


OlOC 




ROTR 




ROTATE PRODUCT AND MULTIPLIER 1-BTT RIGHT 


00037 


000 


OlOD 




LMADY 






00038 


075 


OlOE 




YNEI 


BAPRO 




00039 


308 


OlOF 




BRS 


MUL 4 




00040 


OCF 


0110 




DB 




DECREMENT BIT COUNTER 


00041 


306 


0111 




BRS 


MUL 2 


LOOP UNTIL BIT COUNTER = $F 


00042 


010 


0112 




RTN 






00043 


001 


0113 


MUL5 


XSPX 




SAVE PRODUCT & MULTIPLIER ADDR(X) 


00044 


223 


01 14 




LXI 


XMCAN 


LOAD MULTIPLICAND ADDR(X) INTO REG(X) 


00045 


21A 


0115 




LYI 


YMCAN 


LOAD MULTIPLICAND LSB ADDR(Y) INTO REG<Y^ 


00046 


091 


0116 


MUL6 


LAMX 






00047 


018- 


0117 




AMC 




MULTIPLICAND + PRODUCT -> MULTIPLICAND 


00048 


051 


0] 18 




LMAIYX 






00049 


07E 


0119 




YNEI 


BACAN 




00050 


316 


01 lA 




BRS 


MUL 6 




00051 


001 


one 




XSPX 






00052 


30A 


one 




BRS 


MUL 3 


LOAD NEXT LSB 



When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XMCAN: Defines X address of multiplicand. 

XPROW: Defines X address of product and multiplier. 

Defines LSD Y address of product and multiplier. 



YMLSB : 
YMPRO: 

YMCAN: 

BAPRO : 

BACAN: 



Defines MSD Y address of product and multiplicand. 
(YMLSB + $7) 

Defines LSD Y address of multiplicand. 
(YMLSB + $4) 

Defines LSD Y address less 1 of product and multiplicand. 
(YMLSB-$1; if this is negative, value should be defined 
as $F.) 

Defines MSD Y address plus 1 of product and multiplicand. 
(YMPRO + $1; if this is overflow, value should be defined 
as $0.) 
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15. DIVIDE 16-BIT BINARY DATA 




MCU 


HMCS400 SERIES 




LABEL 1 


DIV 


FUNCTION 





Performs divisions of 16-bit binary data in RAM, and stores result 
(quotient and remainder) as 16-bit binary data in RAM; uses unsigned 
integers as arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Dividend 


MD($03A 
$037) 


4 


Divisor 


MD($04E ^ 
$04B) 


4 


Returns 


Quotient 


MD($03A ^ 
$037) 


4 


Remainder 


MD($03E 
$03B) 


4 



CHANGES IN CPU 
REGISTERS AND FLAGS 


brbCir iuAi iUJNb 


• : Not affected 
^ : Undefined 
^ : Result 


1 word=10 bits 


ROM (Words) 




A 


B 


RAM (Digits) 


X 


X 


12 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No . of cycles 


X 


• 


1178 


W 




Reentrant 


• 


Np 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($03A^$037): Holds 16-bit binary dividend. After DIV execution, 
contains quotient. 

MD($04E'\^$04B) : Holds 16-bit binary divisor. 

MD($03E^$03B) : Holds 16-bit binary remainder. 

(b) Example of DIV execution is shown in Fig. 1. 

If entry arguments are as shown in part (T) of Fig. 1, division result 
is contained in MD ($03E ^ $037 ) . 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
devide $FFFF by $2. 
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15. DIVIDE 16-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



DIV 



DESCRIPTION 



(2) Return arguments 



Quotient Remainder 
MD($03A^$037) MD ($03E $03B) 
bl5 bO bl5 bO 

|Q 10 IQl^i iQin3|D| 



bl5 Divisor bO 

| i|Q|Q|Q| 

MD($04E^$04B) 



bl 5 Dividend b O 
I MF |3|D | 
MD($03A'\.$037) 



(T) Entry arguments 

Fig. 1 Example of DIV Execution 



(c) Table 1 shows results when $0 is held in entry arguments. 

Table 1 Results When Holding "0" in Entry Arguments 



Entry Arguments 


Return Arguments 


Dividend 
MD($03A'\.$037) 


Divisor 
MD($04E^$04B) 


Quotient 
MD($03A'\^$037) 


Remainder 
MD($03E %$03B) 


$yc>'c^,v (note) 


i?0000 


$FFFF 


(note) 


$0000 


(note) 


$0000 


$0000 


$0000 


$0000 


$FFFF 


$0000 



(note) Hexadecimal data 

(2) User Notes 

(a) ST flag is set after DIV execution. 

(b) When upper digits are not needed, "0" must be stored in upper digits 
as shown in Fig. 2. Otherwise correct results cannot be obtained 
since division is performed with undefined data in upper digit. 

Quotient Remainder 

I I to I 3| I |Q to I B| 

Divisor H I I fcl j j | | 2 | Fj 

Dividend 

Fig. 2 Division Example When Upper Digit is Not Used 
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15. DIVIDE 16-BIT BINARY DATA 



MCU HMCS400 SERIES LABEL 



DIV 



DESCRIPTION 



(c) After DIV execution, dividend is destroyed since quotient is contained 
in MD($03A ^$037) . If dividend needs to be retained after execution, 
it should be saved in memory before execution. 



(3) RAM Allocation 



Label 




RAM Allocation 



RAM 



Description 




MD($03A'\>$037) 



16-bit binary dividend before execution. 
16-bit binary quotient after execution. 
X and Y addresses are defined by XDEND 
and YDSOR, respectively. 




MD($04E ^^^$046) 



16-bit binary divisor. 

X and Y addresses are defined by XDSOR 

and YDSOR, respectively. 




MD($03E ^$03B) 



Work area where subtraction result 
(Dividend-Divisor) is contained. 
Stores 16-bit binary remainder after 
execution. X and Y addresses are defined 
by XDEND and YDEND, respectively. 
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15. DIVIDE 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


DIV 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using DIV with address space allocated 
as follows. 



MD($OAA'\, 
MD($OAE'\> 


$0A7): 
$OAB) : 


Dividend. 
Divisor. 


After execution, quotient 
After execution, remainder 


is contained, 
is contained. 


LWI 




$0 


Example with W=0. 





WORKl 



W0RK2 



W0RK3 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 

LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 



CALL 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 
t 



$3 

$A 
$7 



$A 

WORKl 
$4 

$A 
$B 



$F 

W0RK2 



Store 16-bit binary dividend in entry 
'argument. 



• Store 16-bit binary divisor in entry 
argument . 



DIV 



-Call DIV. 



$A 

$3 
$7 



$F 

W0RK3 



Store division result, contained in 
return arguments, in RAM. 
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15. DIVIDE 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


DIV 


DESCRIPTION 





(5) Basic Operation 



(a) In binary data division, quotient and remainder are obtained by repeated 
subtraction. Fig. 4 shows an example of binary division ($Dv$3). 





® ® 








1 





u 


Quotient 


; 1 


1 





1 


Dividend 


-) 1 


1 


















-d) 


-) 


1 


1 




--© 




- 


1 




-d) 


+) 


1 


1 














1 




-) 




1 


1 








1 







+) 




1 


1 





1 ^ Remainder 



Fig. 4 Division Example ($D t $3) 



(b) Referring to the division example in Fig. 4, the program is executed 
as follows. 

(i) RAM is cleared for remainder MD ($03E ^ $03B) . 

(ii) B register is used as shift counter. 

(iii) CA flag is initialized to "1" to set "1" in RAM for quotient. 

(iv) MD($03A'A^$037) (dividend) and MD($03E $03B) are rotated 1 bit left 

to set "1" in RAM for quotient. At the same time MSB is rotated into 
LSB. 

(v) This is performed because upper bits are fetched one by one from 

dividend to subtract divisor MD($04E ^ $04B) . Divisor MD($04E $04B) 
is then subtracted from MD($03E $03B) . If subtraction result is 
positive, "1" is retained in the LSB of MD ($03A ^ $037 ) . 
(Fig. 4 ®^(2)^Q)) 

If subtraction result is negative, LSB of MD ($03A ^ $037) is cleared 
and added divisor to subtraction result. 
(Fig. 4 ©^(5)->® ) 

(vi) Shift counter is decremented. 

(vii) Operation loops from (iii) to (vi) until shift counter is "0". 
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15. DIVIDE 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


DIV 


FLOWCHART 





DIV 




$0->MD($03E^ 




$03B) 



$F 


^ B 




DIV2 


( 




XDEND -> X 





-c 



© : 



YDEND Y 



1 CA 



DIV3 h 



M ^ A 



Rotate A 
1 bit left 



Y^BADIV 



Y^BADIV 



BR 



Y=BADIV 



1 ^ CA 



SPX 



XDSOR ->X 



DIV4 



M-A-CA - 



Y^BADIV 



Clear work area, where remainder 
will be stored after execution. 

Load number of shifts into shift 
counter . 

Load divisor address into X and Y 
registers . 



_Q Initialize CA flag to "1" in RAM 



for quotient. 



Rotate MSB of dividend into LSB 
in work area. 



Set CA flag to perform 
subtraction. 

Load X and Y addresses of LSB of 
work area and divisor. 



Y^BADIV 




Subtract divisor from work area. 
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15. DIVIDE 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


DIV 


FLOWCHART 





Test CA 



CA=1 




YDSOR Y 




DIV5 






M ^ A 




X ^ 


> SPX 








M+A+CA ->A 








A -> M 




Y+1 


-> Y 




SPX 


^ X 




1 




Y^BADIV 




^r'^^'^^^-^^ Y^BADIV 

<r BR ^>— 1 



-i 



Y=BADIV 



X ^ SPX 



YDEND Y 
I 



M(0) 



DIV6 



B-1 -> B 




-[ 



Test whether subtraction result 
is positive or negative. 



Clear CA flag to perform addition. 

Load LSB of work area into 
Y register. 



Add divisor to subtraction result 
to restore contents of work area. 



Clear "1" in RAM for quotient. 



Decrement shift counter. 



Test if shift is completed. 
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15. DIVIDE 16-BIT BINARY DATA 


MCU 


HMCS400 SERIES 


LABEL 


DIV 


PROGRAM LISTING 





ST-NO 


OBJECT 


AORS 


SOURCE 


STATEMENTS 








00001 


30A 


0000 




LLEN 


132 






00002 






****** 










00003 






* 










00004 






* 


NAME : DIVIDE 16- 


BIT BINARY DATA (DIV) * 


00005 






* 








* 


00006 






****** 


*********** 






If******************** 


00007 






* 








•+ 


00008 








ENTRY 




M0<$03A 


-$037) (DIVIDEND) * 


00009 






a: 






MD<$04E 


-$04B)(DIVIS0R) * 


00010 






* 


RETURNS 




MD($03A 


-$037)(OUGTIENT> * 


000 1 1 






* 






MO<$03E 


-$03B) (REMAINDER) * 


00012 






>4<>t<>t(>totc>t< 


*********** 




********************* 


00013 






* 










00014 






XDENO 


EQU 


$3 




DIVIDEND. QUOTIENT & REMAINDER ADDR(X) 


00015 






XDSOR 


EQU 


$4 




DIVISOR ADDR(X) 


00016 






YDEND 


EQU 


S7 




DIVIDEND & QUOTIENT LSD AD0R(Y> 


0001 7 






YDSOR 


EQU 


$6 




DIVISOR S REMAINDER LSD ADDR(Y> 


00018 






BAD IV 


EQU 


$F 




DIVISOR S REMAINDER MSD ADDR(Y)+1 


00019 






* 










00020 








ORG 


$0100 






00021 






DIV 


EQU 


* 




ENTRY POINT 


00022 


223 


01 00 




LXI 


XDEND 




CLEAR WORK AREA 


00023 


21B 


0101 




LYI 


YDSOR 






00024 


290 


0102 


DIVl 


LMIIY 


$0 






00025 


07r- 


0103 




YNEI 


BAOIV 






00026 


302 


0104 




BRS 


DIVl 






00027 


20F 


0105 




LSI 


$F 




LOAD SHIFT COUNTER 


00028 


223 


0106 


DIV2 


LXI 


XDEND 




LOAD DIVIDEND ADDR(X) 


00029 


217 


0107 




LYI 


YDEND 




LOAD DIVIDEND ADDR(Y) 


00030 


OEF 


0108 




SEC 






SET CARRY FLAG 


00031 


090 


0109 


DIV3 


LAM 






SHIFT DIVIDEND 1-BIT LEFT- 


00032 


OAl 


OlOA 




RUTL 






TO LOAD MSB OF DIVIDEND INTO LSB OF WORK 


00033 


050 


0108 




LMAIY 








00034 


07F 


OlOC 




YNEI 


BADIV 






00035 


309 


OlOD 




BRS 


DIV3 






00036 


OEF 


OlOE 




SEC 






SET CARRY FLAG 


00037 


216 


01 OF 




LYI 


YDSOR 




LOAD DIVISOR ADDR(Y) 


00038 


001 


01 10 




XSPX 








O0039 


224 


0111 




LXI 


XDSOR 




LOAD DIVISOR AODR(X) 


00040 


091 


01 12 


DIV4 


LAMX 






REMAINDER - DIVISOR -> REMAINDER 


0004 1 


090 


01 1 3 




SMC 










05 1 






LMAIYX 








0104^ 




011^ 




YNEI 


BADIV 






00044 


312 


0116 




BRS 


DIV4 






00045 


06F 


0117 




TC 






TEST CARRY 


00046 




0118 




BRS 


DIV6 




BRANCH IF REMAIN > DIVIDEND 


00047 


OET 


0119 




RL'C 






CLEAR CARRY FLAG 


00048 


216 


OllA 




LYI 


YDSOR 




LOAD LSB OF WORK AREA INTO REG(Y) 


00049 


091 


one 


DIV5 


LAMX 






REMAINDER + DIVISOR -> REMAINDER 


00050 


018 


one 




AMC 








00051 


051 


OllD 




LMAIYX 








00052 


07F 


01 IE 




"r'NE I 


BADIV 






00053 


31B 


01 IF 




BRS 


DIV5 






00054 


001 


0120 




XSPX 






CLEAR LSB OF QUOTIENT 


00055 


217 


0121 




LYI 


YDEND 






00056 


088 


0122 




REM 


;l>0 






00057 


OCF 


0123 


DIV6 


DB 






DECREMENT SHIFT COUNTER 


00058 


306 


0124 




BRS 


DIV2 




LOOP UNTIL SHIFT COUNTER = $F 


00059 


OiO 


0125 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XDEND: Defines X address of dividend, quotient and remainder. 
XDSOR: Defines X address of divisor. 

YDEND: Defines LSD Y address of dividend and quotient. 

YDSOR: Defines LSD Y address of divisor and remainder. 
(YDEND + $4) 

BADIV: Defines MSD Y address plus 1 of divisor and remainder. 

(YDEND + $8; if this is overflow, value should be defined 
as $0.) 
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16. ADD 8-DIGIT BCD 




MCU 




HMCS400 SERIES 




LABEL 


1 ADDD 













FUNCTION 



Performs addition of 8-digit BCD data in RAM, and stores result as 8-digit 
BCD data in RAM; uses unsigned integers as arguments. 



ARGUMENTS 


1 dieit= 4 bits 


CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


Contents 


Storage 
Location 


No. of 

Digits 


• : Not affected 
^ : Undefined 
^ : Result 


1 word-10 bits 
ROM (Words) 
12 


Entry 


Augend 


MD($03D 
$036) 


8 


A 


B 


RAM (Digits) 


Addend 


MD($04D ^ 
$046) 


8 


X 


• 


16 


X 


Y 


Stack (Digits) 


X 


X 





Returns 


Addition 
result 


MD($03D 
$036) 


8 


SPX 


SPY 


No. of cycles 


X 


• 


55 


W 




Reentrant 


• 


No 


Carry or 
no carry 


CA 


(1 bit) 






Relocatable 


CA 


ST 


No 






Interrupt OK? 








Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($03D%$036) : Holds 8-bit BCD augend. After ADDD execution, contains 
addition result. 

MD($04D'\^$046) : Holds 8-bit BCD addend. 

CA : Indicates whether a carry is generated or not after 

ADDD execution. 

CA=1 : Indicates a carry is generated in addition result, 

(see Fig. 2) 

CA=0 : Indicates no carry is generated in addition result. 



SPECIFICATIONS NOTES 
N/A 
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16. ADD 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


DESCRIPTION 





(b) Example of ADDD execution is shown in Fig. 1. 

If entry arguments are as shown in part (l) of Fig. 1, addition result 
is contained in MD ($03D'^v$036) as shown in part (2) of Fig. 1. 



(T\ Entry 

^ arguments 



Mpr^n.n-^^n-^M^^ ^ MD($Q3D $036) bO 

a24;8S32) ^ UUl4|7|8|0|-Tm - Augend 



MD($04D ^$046) 
(76008901) 



MD($04D ^$046) 

17 I6I0IQI8I9I0I1I 



Addend 



R^*- rMn/<inQno<^no^x CAb31 MD ( $03D ^ $036 ) bO 



Addition 
result 



Fig. 1 Example of ADDD Execution 

(2) User Notes 

(a) ST flag is set after ADDD execution. 

(b) When upper digits are not needed, "0" must be stored in upper digits 
as shown in Fig. 3. Otherwise correct addition result cannot be 
obtained since addition is performed with undefined data in upper 
digits. 



9 


6 


3 


8 


2 





1 








4 





2 


6 











CA 


m 1 





4 


8 





1 






+L 



CA 















1 


2 


3 


4 


Augend 






|o 











2 


3 


6 


5 


Addend 


















3 


5 


9 


9 


^Addition 



Fig. 2 Addition Example When 
Carry is Generated 



Fig. 3 Addition Example When 

Upper Digits are Not Needed 



(c) After ADDD execution, augend is destroyed since addition result is 
contained in MD ($03D ^ $036) . If augend needs to be retained after ADDD 
execution, it should be saved in memory before execution. 

(d) BCD number must be stored in augend and addend, otherwise correct 
addition result cannot be obtained. 
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16. ADD 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


DESCRIPTION 





(3) RAM Allocation 




Fig. 



Label 



RAM Allocation 
RAM 



Description 



8-digit BCD augend before 
execution. 

8-digit BCD addition 
result after execution. 
X and Y addresses are 
defined by XAUGE and YAUGE, 
respectively. 

8-digit BCD addend 
X and Y addresses are 
defined by XADDE and YAUGE, 
respectively. 



(4) Sample Application 

Shown below is a sample application using ADDD with address space allocated 
as follows. 



MD($OAD 


^$0A6) 


: Augend. After execution, addition result is 






containd. 


MD($OBO 




: Addend 
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16. ADD 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


DESCRIPTION 





WORKl 



W0RK2 



LWI 



CALL 



TC 
BRS 

LXI 
XSPX 
LXI 
LYI 

W0RK3 LAMX 

LMAIYX 

YNEI 

BRS 



OVER 



$0 



LXI 


$3 


XSPX 




LXI 


$A 


LYI 


$6 


LAMX 




LMAIYX 




YNEI 


$E 


■RT? C 


TJnD VI 

WUKRl 


LXI 


$4 


XSPX 




LXI 


$B 


LYI 


$6 


LAMX 




LMAIYX 




YNEI 


$E 


BRS 


W0RK2 



ADDD 



Service routine 
in case of carry 



OVER 
$A 

$3 
$6 



$E 

W0RK3 



1- 



Example with W=0. 



Store 8-digit BCD augend in entry 
argument . 



Store 8-digit BCD addend in entry 
argument . 



Call ADDD. 

If a carry is generated in addition 
result, branch to service routine. 



Store addition result, contained in 
return argument, in RAM. 
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16. ADD 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


DESCRIPTION 





(5) Basic Operation 

(a) In HMCS400 series, when addition is performed with 2 or more digits, 
the same operation sequence is repeated for each digit. 

(b) X and Y registers are used as a pointer to augend and addend. 

(c) CA flag is first cleared. Formula 1 is performed on each digit of 
augend and addend using register indirect addressing mode. 

Augend + Addend + (CA) ^ Accumulator (Formula 1) 

CA flag is added in Formula 1 since digits previously added 
occasionally generate a carry. 

(d) Addition result calculated in (c) is adjusted to a decimal value using 
the decimal adjust instruction (DAA) . The result is then stored in 
RAM in the augend location. 

(e) Y register is incremented every time (c) and (d) is executed. 

(f) Operation loops from (c) to (e) until 8-digit addition is completed. 
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16. ADD 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


FLOWCHART 





^ ADDD ^ 



ADDD 




XAUGE 


^ SPX 


1 


XADDE 


X 


1 


YAUGE 


-> Y 


1 


^ 


" CA 


ADDDl 




M - 


> A 


X ^ SPX 


1 


M+A+CA ->A 






Decimal adjust 






A 


M 


Y+1 


^ Y 


SPX 


^ X 






Y^BAAUG 




— ^ Load augend address into SPX register. 

— Load addend address into X register. 

ELoad LSD address of augend and 
addend into Y register. 

1^ Clear CA flag to perform addition. 

Load addend digits from LSD. 
Load X address of augend. 
j~ Perform addition (Augend+Addend+CA) . 

|~ Adjust addition result to decimal. 



Store decimal-adjusted result in 
RAM at augend location. 

Load X and Y addresses of addend 
for next addition. 



Test if addition of all digits is 
completed. 



HITACHI 131 



16. ADD 8-DIGiT BCD 


MCU 


HMCS400 SERIES 


LABEL 


ADDD 


PROGRAM LISTING 





ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


010 


0000 




LLEN 


132 




00002 






)K>K>K>to)(>t( 




******** 




00003 






* 








00004 






* 


NAME : ADD 


8-DIGIT 


BCD (ADDD) * 


00005 






* 






* 


00006 






****** 


*********** 






00007 






* 








00008 






* 


ENTRY :MD<$030-$036) (AUGEND) * 


00009 






* 


MO <$04D-$046) (ADDEND) * 


00010 






* 


RETURNS :MD($03D-$036) (ADDITION RESULT) * 


00011 






* 


CA 


FLAG(CA= 


0: NORMAL RETURN. CA=1 {OVERFLOW)* 


00012 






* 








00013 






****** 






******* **.)(. ************* ******** 


00014 






* 








00015 






XAUGE 


EQU 


$3 


AUGEND ADDR(X) 


00016 






XADOE 


EQU 


$4 


ADDEND ADDR<X) 


00017 






YAUGE 


EQU 


$6 


ADDEND g AUGEND LSD ADDR(Y) 


00018 






BAAUG 


EOU 


$E 


ADDEND « AUGEND MSD ADDR(V>+1 


00019 














00020 








ORG 


$0100 




00021 






ADDD 


EQU 


* 


ENTRY POINT 


00022 


223 


0100 




LXI 


XAUGE 


LOAD AUGEND ADDR(SPX) 


00023 


001 


0101 




XSPX 






00024 


224 


0102 




LXI 


XADDE 


LOAD ADDEND ADDR(X> 


00025 


216 


0103 




LYI 


YAUGE 


LOAD AUGEND AND ADDEND AD0R(Y 


00026 


OEC 


0104 




REC 




CLEAR CARRY FLAG 


00027 


091 


0105 


ADODl 


LAMX 




LOAD ADDEND DATA A 


00028 


018 


0106 




AMC 




M+A+CA->A 


00029 


0A6 


0107 




DAA 




ADJUST RESULT INTO DECIMAL 


00030 


051 


0108 




LMAIYX 




STORE RESULT IN AUGEND 


00031 


07E 


0109 




YNEI 


BAAUG 


TEST IF ADDITION IS COMPLETED 


00032 


305 


OlOA 




BRS 


ADDDl 


LOOP UNTIL REG(Y) = BAAUG 


00033 


010 


OlOB 




RTN 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XAUGE: Defines X address of augend. 

XADDD: Defines X address of addend. 

YAUGE: Defines LSD Y address of augend and addend. 

BAAUG: Defines MSD Y address plus 1 of augend and addend. 

(YAUGE + $8; if this is overflow, value should be defined 
as $0.) 
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17. SUBTRACT 8-DIGIT BCD 




MCU 




HMCS400 SERIES 




LABEL 











FUNCTION 



Performs subtraction of 8-digit BCD data in RAM, and stores result in RAM; 
uses unsigned integers as arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


Minuend 


MD($03D 
$036) 


8 


Subtrahend 


MD($04D 
$046) 


8 


Returns 


Subtraction 
result 


MD($03D 
$036) 


8 


Borrow or 
no borrow 


CA 


(1 bit) 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






1^ 


A 


B 


RAM (Digits) 


X 


• 


16 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


X 


• 


55 


W 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 




t 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($03rro$036) : Holds 8-digit BCD minuend. 

After SUBD execution, contains subtraction result. 

MD($04D^$046) : Holds 8-digit BCD subtrahend. 

CA : Indicates whether a borrow is generated or not after 

SUBD execution. 

CA=1 : Indicates no borrow is generated in subtraction result. 

CA=0 : Indicates a borrow is generated in subtraction result. 

(See Fig. 2) 



SPECIFICATIONS NOTES 



N/A 
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17. SUBTRACT 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


SUBD 


DESCRIPTION 





(b) Example of SUBD execution is shown in Fig. 1. 

If entry arguments are as shown in part (T) of Fig. 1. 

Subtraction result is contained in MD ($03D $036) as shown in part (2) 

of Fig. 1. 



@ Entry 

arguments 



(2) Return 
arguments 



MD($03D ^$036) 
(90123456) 



MD($04D '\^$046) 
(12345678) 



b 31 MD($03D ^ $036) b O 
I 9 |0 |1 I 2 I 31 4 I 5 16 K 



Minuend 



MD($04D ^$046) 
|l|2|3|4|5|6|7|8i ^ Subtrahend 



bO 



Mnr<;n'^na.c^n•^A^ b 31 MD($03D $036) 

^^^(^^JJ^^gJ^^^) m | 7|7 | 7|7 | 7|7| ni] 



Subtraction 
result 



Fig. 1 Example of SUBD Execution 



(2) User Notes 

(a) ST flag is set after SUBD execution. 

(b) When upper digits are not needed, "0" must be stored in upper 
digits as shown in Fig. 3. Otherwise correct subtraction result 
cannot be obtained since subtraction is performed with undefined data 
in upper digits. 

|1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 h — Minuend 

-) |9|0|1|2[3|4|5|6H - Subtrahend 



|2|2|2|2|2|2|2|2 Subtraction result 



Fig. 2 Subtraction Example When Borrow is Generated 



CA , 















6 




5 


5 




|o 










2 


3 

















5 


5 


2 





- Minuend 



Fig. 3 Subtraction Example When Upper Digits are Not Needed 
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17. SUBTRACT 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


SUBD 


DESCRIPTION 





(c) After SUBD execution, minuend is destroyed since subtraction result is 
contained in MD ($03D $036) . If minuend needs to be retained after 
SUBD execution, it should be saved in memory before execution. 

(d) BCD number must be stored in minuend and subtrahend, otherwise correct 
subtraction result cannot be obtained. 



(3) RAM Allocation 



02 



03 
04 
05 



//•//>/ 

MSD 



1 1 

6 1 5 ! 4 



7771 



MSD: 



::LSD 



Label 



Fig. 4 RAM Allocation 
RAM 



Description 



b31 



MSD^ 



MD($03D ^$036) 



bO 



77771 

>;i^sd: 
///// 



8-digit binary subtrahend 
before execution. 
8-digit binary subtraction 
result after execution. 
X and Y addresses are 
defined by XSUBT and YSUBT, 
respectively . 




MD($04D '\>$046) 



8-digit binary minuend. 
X and Y addresses are 
defined by XMINU and 
YSUBT, respectively. 



(4) Sample Application 



Shown below is a sample application using SUBD with address space allocated 
as follows. 



MD($OAD 


^$0A6) 


: Minuend 






After execution, subtraction result is contained. 


MD($OBD 


^$0B6) 


: Subtrahend 
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17. SUBTRACT 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


SUBD 


DESCRIPTION 





WORKl 



W0RK2 



W0RK3 



W0RK4 



BRROW 



LWI 



CALL 



$0 



LXI 


$3 


XSPX 




LXI 


$A 


LYI 


$6 


LAMX 




LMAIYX 




YNEI 


$E 


BRS 


WORKl 


LXI 


$4 


XSPX 




LXI 


$B 


LYI 


$6 


LAMX 




LMAIYX 




YNEI 


$E 


BRS 


W0RK2 



SUBD 



TC 




BRS 


WORKS 


BRS 


BRROW 


LXI 


$A 


XSPX 




LXI 


$3 


LYI 


$6 


LAMX 




LMAIYX 




YNEI 


$E 


BRS 


W0RK4 



Service routine 
in case of borrow 



Example with W=0. 



Store 8-digit BCD minuend in entry- 
argument . 



Store 8-digit BCD subtrahend in entry 
argument . 



Call SUBD. 



If borrow is generated in subtraction 
result, branch to service routine. 



Store subtraction result, contained in 
return argument, in RAM. 
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17. SUBTRACT 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


SUBD 


DESCRIPTION 





(5) Basic Operation 

(a) In HMCS400 series, when subtraction is performed with 2 or more 
digits, the same operation sequence is repeated for each digit. 

(b) X and Y registers are used as a pointer to minuend and subtrahend. 

(c) CA flag is first set. Formula 1 is performed for each digit of 
minuend and subtrahend using register indirect addressing mode. 

Minuend - Subtrahend - (CA) Accumulator (Formula 1) 

CA flag is subtracted in Formula 1 since subtraction result occasionally 
generates a borrow. 

(d) Subtraction result, calculated in (c), is adjusted to a decimal value 
using the decimal adjust instruction (DAS). 

(e) Y register is incremented every time (c) and (a) are executed. 

(f) Operation loops from (c) to (e) until 8-digit subtraction is completed. 
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17. SUBTRACT 8-DIGIT BCD 



MCU HMCS400 SERIES LABEL SUBD 



FLOWCHART 



SUBDl 




, I^Load minuend address into SPX register. 



-D 



Load subtrahend address into X register. 



ELoad LSD address of minuend and 
subtrahend into Y register. 



Clear CA flag to perform subtraction. 



. I^Load subtrahend digit from LSD. 
- j^Load X address of minuend. 



E Subtract subtrahend and CA from 
minuend . 



-[ 



Adjust subtraction result to decimal. 



Store decimal-adjusted result 
into RAM for minuend. 

Load X and Y addresses of subtrahend 
for next subtraction. 



Test if subtraction of all digits 
is completed. 
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17. SUBTRACT 8-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


SUBD 


PROGRAM LISTING 





ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 


00001 


010 


0000 




LLEN 


132 


00002 












00003 












00004 






* 


NAME : SUBTRACT 8-DIGIT BCD (SUBD) * 


00005 






* 






00006 






***»<** 


********* 




00007 












00008 






* 


ENTRY : 


MD<$030-$036) (MINUEND) * 


00009 






♦ 




MD<$04D-$046) (SUBTRAHEND) * 


00010 






* 


RETURNS: 


MD($030-$036) (SUBTRACTION RESULT) * 


00011 






* 




CA FLAG(CA=1 ; NORMAL RETURN. CA=0 :B0RR0W)* 


00012 






* 






00013 






****** 




00014 






* 






00015 






XSUBT 


EOU 


$3 MINUEND ADDR(X) 


00016 






XMINU 


EOU 


$4 SUBTRAHEND AODR(X) 


00017 






YSUBT 


EOU 


$6 MINUEND S SUBTRAHEND LSD ADDR(Y) 


00018 






BASUB 


EOU 


$E MINUEND S SUBTRAHEND MSD ADDR(Y)-t- 


00019 












00020 








ORG 


$0100 


00021 






SUBD 


EQU 


* ENTRY POINT 


00022 


223 


0100 




LXI 


XSUBT LOAD MINUEND ADDR(SPX) 


00023 


001 


0101 




XSPX 




00024 


224 


0102 




LXI 


XMINU LOAD SUBTRAHEND ADDR(X) 


00025 


216 


0103 




LYI 


YSUBT LOAD MINUEND 8 SUBTRAHEND ADDR(Y) 


00026 


OEF 


0104 




SEC 


SET CARRY FLAG 


00027 


091 


0105 


SUBDl 


LAMX 


LOAD SUBTRAHEND DATA 


00028 


098 


0106 




SMC 


M-A-INV(CA)->A 


00029 


OAA 


0107 




DAS 


ADJUST RESULT INTO DECIMAL 


00030 


051 


0108 




LMAIYX 


STORE RESULT IN MINUEND 


00031 


07E 


0109 




YNEI 


BASUB TEST IF SUBTRACTION IS COMPLETED 


00032 


305 


OlOA 




BRS 


SUBDl LOOP UNTIL Y = BASUB 


00033 


010 


OlOB 




RTN 





When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 



XSUBT 



Defines X address of minuend. 



XMINU: Defines X address of subtrahend. 

YSUBT: Defines LSD Y address of minuend and subtrahend. 

BASUB: Defines MSD Y address plus 1 of minuend and subtrahend. 

(YSUBT + $8; if this is overflow, value should be defined 
as $0.) 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 




LABEL 1 


SQRT 


FUNCTION 





Obtains square root of 16-bit binary data in RAM, and store result in 
RAM; uses unsigned integers as arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry- 


Number to 
take square 
root of 


MD($03A^ 
$037) 


4 


Returns 


Square root 


MD($04C, 
$04B) 


2 



CHANGES IN CPU 
REGISTERS AND FLAGS 




• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






67 


A 


B 


RAM (Digits) 


X 


X 


12 


X 


Y 


Stack (Digits) 


X 


X 


4 


SPX 


SPY 


No. of cycles 


X 


• 


1492 


W 




Reentrant 


• . 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($03A'\^$037) : Holds 16-bit binary number to take square root of. 
MD($04C, $04B) : Contains 8-bit binary square root. 

(b) Example of SQRT execution is shown in Fig. 1. If entry argument is as 
shown in part (T) of Fig, 1, square root is obtained in MD($04C, $04B) 
as shown in part (5) of Fig. 1. 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required 
to calculate the square root of $FFFF. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


DESCRIPTION 





(T) Entry argument 



MD($03Aa. $037) 
MD($03A^ $037) bl5 . . . b O 
($E3E0) I E I 3 I E I I 



(2) Return argument 



MD($04C,$04B)($F1) 



MD($04C,$04B) 
hi bO 



Fig. 1 Example of SQRT Execution 

(2) User Notes 

(a) ST flag is set after SQRT execution. 

(b) When upper digits are not needed, "0" must be stored in upper digits 
as shown in Fig. 2. Otherwise correct square root cannot be obtained 
since calculation is performed with undefined data in upper digits. 









1 
















4 





Fig. 2 Example When Upper Digits are Not Used 
(c) Values to the right of the binary point are truncated. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


DESCRIPTION 





(3) RAM Allocation 



02 
03 
04 
05 
06 



C i B 



MSD^^^pD 



MSD: 



ILSD 



LSD 



Fig. 3 RAM Allocation 



Label 



RAM 



Description 



bl5 
MSD^ 



MSD 



bO 
TTTl 

LSD 
//// 



bl5 



MD($03E ^^^$036) 

bO 



MD($03A^$037) 




MD($04E ^$04B) 



Work area for operation on upper 2 
bits of data to take square root of. 
X and Y addresses are defined by 
XBINA and YSQUR, respectively. 



16-bit binary number to take square 
root of. 

X and Y addresses are defined by 
XBINA and YBINA, respectively. 



Work area for square root before 
execution. 

Contains 8-bit binary square root 
in MD($04C, $04B) , and "0" in 
MD($04E, $04D) after execution. 
X and Y addresses are defined by 
XS QUA and YSQUR, respectively. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using SQRT with address space allocated 
as follows. 



MD($OAA $0A7) : Number to take square root of 
MD($OAC, $OAB) : Square root 



WORKl 



LWI 



I 



I 

LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BR 



$0 

$3 

$A 
$7 



$B 

WORKl 



Example with W=0. 



Store 16~bit binary number to be squared 
in entry argument. 



CALL 



SQAT 



Call SQRT. 



W0RK2 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIYX 

YNEI 

BRS 



$A 

$4 
$B 



$D 

W0RK2 



Store 8-bit binary square root, 
contained in return argument, in RAM. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


DESCRIPTION 





(5) Basic Operation 

(a) Fig. 4 shows calculation to obtain a square root. In this example, 
data to take square root of is $22 and square root is $5. 



® (D© 


® 


® 


® 






1 1 




1 


® 


1 [ ] 




oil 





(D 


1 ] I 


1 [ 






(D 


1 I 1 


1 ] 


o! 




© 


— --[of— -- 




o! 




CD 


1 ] « 1 


1 J 


i 1 





® 


r-Tf 





1 

I 


1 


(D 


1 1 1 1 


1 1 


1 


1 


(D 



Square root 

Data to take square 
root of 



Fig. 4 Calculating a Square Root 



(b) Referring to the calculation in Fig. 4, the program is executed as 
follows . 

(i) Square root area MD($04E^$04B) and work area MD($03E'\^$03B) is cleared. 

(ii) MD($03A'^^$037) and MD($03E $03B) is rotated 2 bits left to fetch 

the upper 2 bits of data to take square root of, this is then loaded 
into work area MD($03E ^ $03B) (Fig. 4 (3) - (2) ) . 

(iii) Square root area is shifted 1 bit left, and "1" is set in LSB 
(Fig. 4 ©-©). 

(iv) Square root area is subtracted from work area and result stored in 
work area (Fig. 4 (5) - © , (5) , ® ) . 

(v) If result is positive, square root area is incremented (Fig. 4 ®-®). 

If result is negative, work area is added to square root area, 

result is stored in square root area, result is stored in square 

root area and clears "1" setting in (iii) (Fig. 4 ©,©-©). 

(c) Operation loops from (ii) to (v) 8 times and then square root area is 
shifted 1 bit right (Fig. 4 ®,®-® is square root). 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


FLOWCHART 





^ SQRT ^ 



SQRT 




XSQUA 


-> SPX 


1 


XBINA 


X 



$0->MD($03E'^^ 
$03B) 

$0^MD($04E^ 
$04B) 



$7 ^ B 



SQRT2 



YBINA -> Y 
I 



^ CA 
I 



CASQR 



YBINA ^ Y 
I 



-> CA 



CASQR 



X 



X ^ SPX 



YSQUR Y 



I 



1 ^ CA 
I 



CASQR 



■i 



Load address of square root into 
SPX register. 

Load address of work area and data 

to take square root of into X register. 



Clear RAM for work area and square 
root (solution) . 



Load number of shifts into shift 
counter . 



Load upper 2 bits of number to take 
square root of into lower 2 bits of 
work area. 



Set "1" in solution. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


FLOWCHART 





1 -^►CA 



YSQUR -> Y 



SQRT3 



M A 
X ^ SPX 



M-A-CS-'-A 



A M 

Y+1 -> Y 
X ^ SPX 



Y^BASWR 



Yt^BASWR 




BR 



Y=BASWR 



Test CA 




CA=1 



BR 



CA=0 



YSQUR 



CA 



SQRT4 



M A 
X ^ SPX 



M+A+CA 





A -> 


M 


Y+1 


Y 


X ^ 


SPX 





Subtract solution from work area. 



Test whether subtraction result is 
positive or negative. 




Add solution to subtraction result 

to return to state before subtraction. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


FLOWCHART 









SQRT5 




1 -> 


CA 




YSQUR ^ Y 



M(0) 
1 



SQRT7 



Y=BASWR 



Increment solution. 




Clear "1" setting in solution. 



ELoad X address in which work area 
and data to take square root of 
are stored, 
r Decrement counter indicating 
L number of shifts. 



[ 



Test if shift is completed. 
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18. 16-BIT SQUARE ROOT 



MCU HMCS400 SERIES LABEL SQRT 



FLOWCHART 



X ^ SPX 



YSLSB Y 



SQRT8 




Shift solution right to adjust 
digits. 



CASQR 




Rotate RAM specified by X and Y 
addresses 1 bit left. 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


PROGRAM LISTING 





ST-NQ 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


010 




0000 




LLEN 


132 


00002 










****************** 


00003 








* 






00004 








* 


NAME : 16- 


BIT SOU 


00005 














00006 








IK***** 


*********** 


******* 


00007 














00008 










ENTRY : MD<$03A-$ 


00009 








* RETURNS : MD<$04C,$ 


00010 








* 






0001 1 








iK*>«(*** 


*********** 


******* 


00012 








* 






000 1 3 








XBINA 


EQU 


$3 


00014 








XSOUA 


EOU 


$4 


00015 








YSOUR 


EQU 


$B 


00016 








YBINA 


EQU 


$7 


00017 








YSLSB 


EOU 


$E 


000 IS 








BASWR 


EQU 


$F 


00019 








BASOU 


EOU 


$A 










* 






0002? 










nor 


SO 100 


QQQ'7'? 








SORT 


EOU 


* 




224 




m nn 




LXI 


XSOUA 


00024 


001 




mm 




XSPX 




00025 


223 




m n7 
m 




LXI 




00026 


218 








LYI 






230 








LAI 


$0 


00028 


095 




0105 


SORTl 


LMAX 




00029 


051 








LMAIYX 






07F 




m 07 




RR^^ 




00031 


305 




m no 








00032 


207 




m 09 
m 




1 RT 

LBI 




00033 


217 






S0RT2 


LYI 


VQTMA 

YBINA 


00034 


OEC 




m OR 








00035 


160 


13D 


OlOC 




CALL 




00036 


217 








LYI 


YBINA 


00037 


OEC 




m OF 




REC 




00038 


160 


13D 


m 1 n 






CASUR 




001 




m 1 7 








00040 


21B 




0113 




1 VT 

^pr 


YSQUR 




OEF 




0114 










160 


130 


0115 






ChSQR 


00043 


OEF 




0117 




SEC 




UUU'tH 


21B 








["amy 


YSQLR 




091 




n 1 1 Q 


SQRT3 






0UU46 


098 




m 1 ^ 




SMC 






051 




m 1 R 




LMAI YX 




nnnln 


07F 




n 1 1 r 










319 




01 ID 




BRS 


SORT 3 


nm^n 


06F 




01 IE 








nnnli 


32A 








RR<; 


Y^ni iR 


nnn^9 


21B 




01^0 




1 YT 






OEC 




0121 




REC 




00054 


091 




017^ 


SQRT4 


LAMX 






018 








AMC 






051 




0124 




LMAIYX 




00057 


07F 




0125 




YNEI 


BASWR 


00058 


322 








BRS 


S0RT4 


00059 


21B 




m 77 




LYI 


YSOUR 


00060 


088 




m 7R 




REM 


$0 


00061 


331 




m 7o 

017^ 




BRS 


S0RT7 




OEF 






S0RT5 


SEC 






218 




m 7R 




LYI 


YSOUR 


00064 


230 




ni or 


S0RT6 


LAI 


$0 


00065 


018 




m on 




AMC 




00066 


050 




012E 




LMAIY 




00067 


07F 




012F 




YNEI 


BASWR 


00068 


32C 




0130 




BRS 


S0RT6 


00069 


001 




0131 


SQRT7 


XSPX 






OCF 








DB 




00071 


30A 




0133 




BRS 


SQRT2 


00072 


001 




0134 




XSPX 




00073 


21E 




0135 




LYI 


YSLSB 


00074 


OEC 




0136 




REC 




00075 


090 




0137 


SORTS 


LAM 




00076 


OAO 




0138 




ROTR 




00077 


ODO 




0139 




LMADY 




00078 


07A 




013A 




YNEI 


BASOU 


00079 


337 




013B 




BRS 


SORTS 


00080 


010 




013C 




RTN 




00081 


090 




013D 


CASOR 


LAM 




00082 


OAl 




013E 




ROTL 




00083 


050 




013F 




LMAIY 




00084 


07F 




0140 




YNEI 


BASWR 


00085 


33D 




0141 




BRS 


CASOR 


00086 


010 




0142 




RTN 





*************** 



K******** 



(SQUARE ROOT) * 
* 

************************* 

DATA TO BE SQUARED & WORK AREA AODRCX) 

SQUARE ROOT ADDR<X) 

SQUARE ROOT LSD ADDRCY) 

DATA TO BE SQUARED LSD AODR<Y) 

SQUARE ROOT & WORK AREA MSD AOORCY) 

SQUARE ROOT S WORK AREA MSG ADDR<Y)+1 

DATA TO BE SQUARED MSD AODRCY) 



ENTRY POINT 

LOAD SQUARE ROOT ADORCX) INTO RE6<SPX) 



LOAD DATA TO BE SQUARED ADDR INTO REG<X) 
CLEAR SQUARE ROOT AREA 8 WORK AREA 



LOAD SHIFT COUNTER 

LOAD UPPER 2-BIT OF DATA TO BE SQUARED- 
INTO LOWER 2-BIT OF WORK AREA 



SET LSB OF SQUARE ROOT 



WORK AREA - SQUARE ROOT -> WORK AREA 



REG(Y) =/ BASWR ? 

BRANCH IF REG(Y) =/ BASWR 

TEST CARRY 

BRANCH IF WORK AREA < SQUARE ROOT 
WORK AREA + SQUARE ROOT -> WORK AREA 



CLEAR LSB OF SQUARE ROOT 
SQUARE ROOT + $1 -> SQUARE ROOT 



DECREMENT SHIFT COUNTER 



LOOP UNTIL SHIFT COUNTER = $F 
ADJUST DIGITS 



ROTATE MEMORY 1-BIT LEFT 
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18. 16-BIT SQUARE ROOT 


MCU 


HMCS400 SERIES 


LABEL 


SQRT 


PROGRAM LISTING 





When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XBINA: Defines X address of number • to take square root of. 
XSQUA: Defines X address of square root. 
YSQUR: Defines LSD Y address of square root. 

YBINA: Defines LSD Y address of number to take square root of. 
(YSQUR-$4) 

YSLSB: Defines MSD Y address of square root. (YSQUR + $3) 

BASWR: Defines MSD Y address plus 1 of work area. (YSQUR + $4; if this 
is overflow, value should be defined as $0.) 

BASQU: Defines MSD Y address of number to take square root of. 
(YSQUR-$1) 
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19. CONVERT 2 -BYTE HEXADECIMAL INTO 5-DIGIT BCD 




MCU 




HMCS400 SERIES 




LABEL ^^^y 





FUNCTION 



Converts 2-byte hexadecimal data in RAM into 5-digit BCD data and stores 
result in RAM; uses unsigned integers as arguments. 



ARGUMENTS 



1 digit= 4 bits 



Contents 


Storage 
Location 


No. of 

Digits 


Entry 


2-byte 
hexadecimal 


MD($04D^ 
$04A) 


4 


Returns 


5-digit 
BCD 


MD($046 
$042) 


5 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 




^ : Undefined 


1 word=10 bits 


^ : Result 




ROM (Words) 








22 


A 


B 




RAM (Digits) 


X 


X 




9 


X 


Y 




Stack (Digits) 


X 


X 







SPX 


SPY 




No. of cycles 


• 


• 




885 


w 






Reentrant 


• 






No 








Relocatable 


CA 


ST 




No 


X 


X 




Interrupt OK? 






Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

MD($04D $04A) ; Holds a 2-byte hexadecimal number to be converted into 
BCD number. 

MD($046 ^$042) : Contains a 5-digit BCD number. 

(b) Example of HEX execution is shown in Fig. 1. 

If argument is as shown in part (D of Fig. 1, a 5-digit BCD number, 
in this case "52734", is contained in MD($046 $042) , as shown in 
part (2) of Fig. 1. 



SPECIFICATIONS NOTES 



N/A 
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19. GONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 



DESCRIPTION 



® Entry 
argument 



(D Return 
argument 



MD($04D $04 A) ($CDFE) 



MD($04D '\^$04A) 
bl5 bO 



MD($046 '^^$042) 



r b l9 hO 

J MD($046 ^^^$042) | 5 | 2 | 7 [ 3 [ Tl 
[ (52734) 



Fig. 1 Example of HEX Execution 

(2) User Notes 

(a) ST flag is set after HEX execution. 

(b) When upper digits are not needed, "0" must be stored in upper 
digits as shown in Fig. 2. Otherwise correct result cannot be 
obtained since conversion is performed with undefined data in upper 
digits. 





1 





E 


F 1 










1 





2 


3 


9 



Fig. 2 Conversion Example When Upper Digits are 
Not Needed 



(c) After HEX execution, a 2-byte hexadecimal number is destroyed. 

If a 2-byte hexadecimal number needs to be retained after HEX execution, 
it should be saved in memory before execution. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 


DESCRIPTION 





(3) RAM Allocation 





1 1 

F 1 E 


1 r 


r T" n 

C 1 B ] A 


9 j 8 1 7 


6 1 5 


4 1 3 I 2 


1 ! 


02 
03 


I I • 
1 t 1 
1 ' ' 

, 1 • 

I • 1 


1 1 1 

i 1 

1 « 
- r"--i" -1 

1 ! 




1 




• 
j 


04 






i 'LSD 










05 
06 


■ -| 1 

1 
1 

i 


__i._L.;- 
— 1— Li 


^-4-- 


\ 

: 


• 

' 1 


1 



Label 



Fig. 3 RAM Allocation 



RAM 



bl5 




MD($04D '\^$04A) 



Description 

2-byte hexadecimal number. 
X and Y addresses are 
defined "by XHEXD and YHHEX, 
respectively. 



bl9 



bO 



I ///// 

iMSD 



TT7, 

, LSD, 
//// 



MD($046 'x^$042) 



5-digit decimal number. 
X and Y addresses are 
defined by XHEXD and YHDEC, 
respectively. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS40a SERIES 


LABEL 


HEX 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using HEX with address space allocated 
as follows . 



MD($OAD $OAA) : 2-byte hexadecimal number 
MD($0A6 $0A2) : 5~digit BCD number 



WORKl 



LWI 
I 
I 
I 

XSPXY 

LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIY 

YNEI 

BRS 



$0 



$4 

$A 
$A 



$E 

WORKl 



• Example with W=0. 



Store a 2-byte hexadecimal number in 
entry argument . 



CALL 



HEX 



•Call HEX. 



W0RK2 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMADY 

YNEI 

BRS 



$A 

$4 
$6 



$1 

W0RK2 



Store 5-digit BCD number, contained in 
return argument, in RAM. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 


DESCRIPTION 





(5) Basic Operation 

(a) If ABCD is 4-bit binary number, it is expressed as shown in Formula 1 
and Formula 2. 



ABCD =A +B x2^ +C x2^ +D (Formula 1) 

= [ { (A x2) +B} x2 +C ]x2 +D (Formula 2) 

I c I 

I g I 

Y 



Fig. 4 4-bit Binary (ABCD) 



(b) a = (Ax2)+B is first performed, referring to Formula 2. 

Second, decimal adjustment is performed. Next, 3 =(a x 2)+C, Y= (B x 2)+D 
is calculated. Each calculation result is decimal adjusted to obtain 
final 5-digit binary number. 

(c) Calculation of a = (Ax2)+B 

(i) Binary number string MD($04D ^ $04A) is rotated left, and LSB is 
loaded into CA flag. 

(ii) Decimal number string MD($046 $042) is shifted left to calculate 
(AX 2). Contents of CA flag is added to LSB of decimal number 
string to calculate ( + B ) . a = (Ax2)+B is performed by this 
process. 

(iii) Addition result is decimal adjusted. 

(iv) Operation loops from (i) to (iii) 16 times to complete conversion 
of a 2-byte hexadecimal number into a 5-digit BCD number. 
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19. CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 


FLOWCHART 





Q HEX ^ 



HEX 



XHEXD -> X 



$0^MD($047'^^ 
$042) 



$F-.-B 



HEX2 



YHHEX Y 



HEX3 



M A 



Rotate A 
1 bit left 



A 


M 


Y+1 


-> Y 




Load X address, where a 2-byte 
hexadecimal number and 5-digit BCD 
number is stored, into X register. 

Clear RAM for BCD number. 



--[ 



Load number of shifts into shift 
counter. 



Shift a 2-byte hexadecimal number 
and load LSB into CA flag. 



Y=BAHEX 



--[ 



Load LSD address, where BCD number is 
stored, into Y register. 
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19. CONVERT 2 -BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 


FLOWCHART 





HEX4 



M A 



Rotate A 
1 bit left 



Double BCD number in RAM and add 
MSB of hexadecimal number to result. 



Decimal adjust 



A 


-> M 


Y+1 


Y 




Adjust result into decimal and store 
it in RAM as BCD number. 



Test if a 5-digit BCD number 
conversion is completed. 



-[ 
--[ 



Decrement shift counter. 



Test if shifts are completed. 
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19* CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD 


MCU 


HMCS400 SERIES 


LABEL 


HEX 


PROGRAM LISTING 





ST-NQ 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 








00001 


010 


0000 




LLEN 


132 






00002 






****** 










00003 






* 










00004 






* 


NAME : CONVERT 2 


-BYTE 


HEXADCIMAL INTO 5-DIGIT BCD (HEX) * 


00005 






* 










00006 






****** 


*********** 


******* 


***** 




00007 






* 










00008 






* 


ENTRY 




M0<:$04D-$04A> <2-BYTE HEXADECIMAL DATA) * 


00009 






* 


RETURNS 




MD<$046-$042) (5-DIGIT BCD DATA) * 


00010 






* 








* 


00011 






****** 


*********** 


******* 


***** 


************************************** 


00012 






* 










00013 






XHEXD 


EQU 


$4 




HEXADECIMAL AND BCD DATA ADDR(X) 


00014 






YHHEX 


EOU 


$A 




2-BYTE HEXADECIMAL DATA LSD ADDR(Y) 


00015 






YHDEC 


EQU 


$2 




5-DIGIT BCD DATA LSD ADDR(Y) 


00016 






BAHEX 


EOU 


J.E 




2-BYTE HEXADECIMAL DATA MSD ADDR(Y)+1 


00017 






BAOEC 


EQU 


$7 




5-DIGIT BCD DATA MSD AD0R(Y)+1 


00018 






* 










00019 








ORG 


$0100 






00020 






HEX 


EOU 


* 




ENTRY POINT 


00021 


224 


0100 




LXI 


XHEXD 




LOAD HEXADECIMAL ADDR(X) 


00022 


212 


0101 




LYT 


YHDEC 




LOAD BCD DATA ADDR(Y) 


00023 


290 


0102 


HE XI 


LMIIY 


$0 




CLEAR BCD DATA ADDR(Y) 


00024 


077 


0103 




YNEI 


BADEC 






00025 


302 


0104 




BRS 


HEXl 






00026 


20F 


0105 




LSI 


$F 




LOAD SHIFT COUNTER 


00027 


21A 


0106 


HEX2 


LYI 


YHHEX 




, LOAD HEXADECIMAL DATA ADDR(Y) 


00028 


090 


0107 


HEX 3 


LAM 






SHIFT HEXADECIMAL DATA 1-BIT LEFT 


00029 


OAl 


0108 




RGTL 








00030 


050 


0109 




LMAIY 








00031 


07E 


01 OA 




YNEI 


BAHEX 






00032 


307 


OlOB 




BRS 


HEX 3 






00033 


212 


OlOC 




LYI 


YHDEC 




LOAD BCD DATA LSD ADDR(Y) 


00034 


090 


01 00 


HEX 4 


LAM 






BCD DATA AREA*2+CA->A 


00035 


OAl 


OlOE 




ROTL 








00036 


0A6 


OlOF 




DAA 






CONVERT INTO BCD DATA ? 


00037 


050 


0110 




LMAIY 






LOAD DECIMAL DATA 


00038 


077 


0111 




YNEI 


BADEC 




TEST IF CONVERSION IS COMPLETED 


00039 


30D 


0112 




BRS 


HEX4 






00040 


OCF 


0113 




DB 






DECREMEN-I SHIFT COUNTER 


00041 


306 


0114 




BRS 


HEX2 




LOOP UNTIL SHIFT COUNTER - $F 


00042 


010 


0115 




RTN 









When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XHEXD: Defines X address of a 2-byte hexadecimal number and 
a 5-digit BCD number. 

YHHEX: Defines LSD Y address of 2-byte hexadecimal. 

YHDEC: Defines LSD Y address of 5-digit decimal. 

BAHEX: Defines MSD Y address plus 1 of 2-byte hexadecimal. 

(YHHEX + $4; if this is overflow, value should be defined 
as $0.) 

BADEC: Defines MSD Y address plus 1 of 5-digit decimal. 

(YHDEC + $5; if this is overflow, value should be defined 
as $0.) 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 1 


BCD 


FUNCTION 





Converts 5-digit BCD data in RAM into 2-byte hexadecimal data, and stores 
result in RAM; uses unsigned integers as arguments. 



CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


• : Not affected 
^ : Undefined 


1 word=10 bits 


^ : Result 


ROM (Words) 






52 


A 


B 


RAM (Digits) 


X 


X 


13 


X 


Y 


Stack (Digits) 


X 


X 





SPX 


SPY 


No. of cycles 


X 


X 




W 




Reentrant 


• 




No 






Relocatable 


CA 


ST 


No 


X 


X 


Interrupt OK? 




Yes 



ARGUMENTS 



1 digit= 4 bits 



Contents 



Entry 



Returns 



5-digit BCD 



2-byte 
hexadecimal 



Storage 
Location 



MD($046 
$042) 



MD($04E 
$04B) 



No. of 
Digits 



DESCRIPTION 



(1) Function Details 

(a) Arguments details 

MD($046 ^^^$042) : Holds a 5-digit BCD number to be converted into 
hexadecimal. 

MD($04E '^$04B) : Contains a 2-byte hexadecimal number. 

MD($046 '\^$042) 



@ Entry argument rMD($046 $042) 
^ (52734) 



bl9 



bO 



(2) Return argument rMD($04E '^$04B) 
^ ($CDFE) 



MD($04E ^$04B) 
bl5 bO 



C I D 



Fig. 1 Example of BCD Execution 



SPECIFICATIONS NOTES 



"No. of cycles" in "SPECIFICATIONS" indicates the number of cycles required to 
convert 59999 into hexadecimal data. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL MCU HMCS400 SERIES LABEL 



BCD 



DESCRIPTION 



(b) Example of BCD execution is shown in Fig. 1. 

If entry argument is as shown in part (I) of Fig. 1, a 2-byte 
hexadecimal number is contained in MD($04E 'X; $04B) as shown in 
part © of Fig. 1. 

(2) User Notes 



(a) ST flag is set after BCD execution. 



(b) 5-digit BCD number must be less than 65536, otherwise correct result 
cannot be obtained. 



(c) Entry argument must be BCD format, otherwise correct result cannot be 
obtained. 



(3) RAM Allocation 



Y 


F|E!D!clB|A|9i8 


7l6|5|4|3|2[l|0 


02 
03 




1 I 1 1 1 1 

! ! 1 111 


! 1 ! I : ; 1 


04 




W/Mn. 






05 




MSDj — -1 ILSD 




! 1 1 1 ' 1 i 

_4.j__i__ 


06 




: 1 1 


1 1 
1 ^ 











Fig. 2 RAM Allocation 
Label RAM Description 

MD($04E $04B) 



2-byte hexadecimal number. 
X and Y addresses are 
defined by XBBCD and YBDEC, 
respectively. 



MD($046 $042) 
bl5 bO 




MD($05E A. $05B) 



5-digit BCD number. 
X and Y addresses are 
defined by XBBCD and YBDEC, 
respectively. 

Work area for decimal 

conversion. 

X and Y addresse^ are 

defined by XBW0R\ and YBDEC, 

respectively. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


DESCRIPTION 





(4) Sample Application 



Shown below is a sample application using BCD with address space allocated 
as follows. 



MD($0A6^$0A2): 5-digit BCD number 
MD($0AE $0AB) : 2-byte hexadecimal number 



WORKl 



W0RK2 



LWI 



I 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMADY 

YNEI 

BRS 



CALL 



LXI 

XSPX 

LXI 

LYI 

LAMX 

LMAIY 

YNEI 

BRS 

I 
I 
I 



$0 
$4 

$A 
$6 



$1 

WORKl 



•Example with W=0. 



Store a 5-digit BCD number in entry 
argument . 



BCD 



Call BCD. 



$A 

$4 
$B 



W0RK2 



Store a 2-byte hexadecimal number, 
contained in return argument, in RAM. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


DESCRIPTION 





(5) Basic Operation 

(a) If ABCD is in 5~digit BCD number, it is expressed as shown in 
Formula 1 and Formula 2. 



ABCD = A xio^ +B xio^ +c xIQI +D xIqO ... (Formula 1) 
= [ { (A xiO) +B } xio +C ] X 10 +D ... (Formula 2) 



a 

Y 



Fig. 3 4-digit BCD (ABCD) 



(b) 5-digit BCD can be converted into hexadecimal as follows. 

First, a = (Axio) + B is calculated to determine a in Fig. 3 (Formula 2). 

Next 3 = (a xlQ) +c, Y = (3 xlO) + D are calculated to determine 3 and Y, 
respectively. 

(c) Calculation of A x lo is performed using formula 3 and 4; 

A X 10 - A X (2 + 8) (Formula 3) 

= A x2(l +2^) (Formula 4) 

(d) Program processing 

(i) To perform Formula 4, MD($04E $04B) and Mp($046 '^^ $042) are used by 
BCD for arguments, and MD($05E $05B) is used as work area. 

(ii) Referring to (Formula 4), A is first load into MD($04E $04B) , 
shifted 1 bit left, and the result stored in MD($05E $05B) . 
Next, MD($05E '^>$05B) is shifted 2 bits left. Finally, MD($04E $04B) 
is added to MD($05E $05B) . A x 10 in (Formula 4) is performed by 
this process. 

(iii) Repeat (i) and (ii) step 5 times to complete conversion from 
a 5-digit BCD number into 2~byte hexadecimal number. 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


FLOWCHART 





^ BCD ^ 



BCD 



XBWOR 


-> SPX 




YBDEC 


SPY 






XBBCD ^ X 



$0->MD($04E'\> 
$04B) 

$0->MD($05E^ 
$05B) 



BCD2 



YBHEX -> Y 



-L. 



SPY 



-> CA 



M -> A 
SPY ^ Y 



A+M+CA -^A 



A M 
Y+1 Y 



-[ 
■■[ 

-■[ 



Load work area address into SPX register. 

Load MSD address of 5-digit BCD RAM 
into SPY register. 

Load address, where 5-digit BCD number 
and a 2-byte hexadecimal number is 
stored, into X register. 



Clear work area and RAM for 
2-byte hexadecimal number. 



Add 1 digit of a 5-digit BCD number 
to 2-byte hexadecimal RAM.- 
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20. GONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL MCU HMCS400 SERIES LABEL 



BCD 



FLOWCHART 



BCD3 




Add carry generated in 2-byte 
hexadecimal RAM. 



Decrement pointer to digits of a 
5-digit BCD number. 



Test if 5-digit BCD conversion is 
completed . 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


FLOWCHART 






Double 2-byte hexadecimal RAM by 
shifting 1 bit left. 

Store the doubled number in 
work area. 



Shift data in work area 2 bits left: 
multiply doubled data by 4. 
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20. CONVERT 5--DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


FLOWCHART 





X ^ 


SPX 




YBHEX 


-> Y 




Add doubled 2-byte hexadecimal 
number to 8-times-multiplied 
data in work area. Store result 
in 2-byte hexadecimal RAM. 
As a result, 2-byte hexadecimal 
RAM is multiplied by 10. 



-[ 



Load X address of a 5-digit BCD 
number . 



166 HITACHI 



20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


PROGRAM LISTING 





ST-NO 


OBJECT 


AORS 


SOURCE 


STATEMENTS 








00001 


010 


0000 




LLEN 


132 






00002 






****** 








****************************** 


00003 






* 








* 


00004 






* 


NAME : CONVERT 5-DIGIT 


BCD INTO 2-BYTE * 


00005 






* 




HEXADECIMAL 


(BCD) ♦ 


00006 






****** 


*********** 


********* 


*** 


****************************** 


00007 






* 








* 


00008 






* 


ENTRY 


:MD<$046- 


$042)<S-DIGIT BCD DATA) * 


00009 






* 


RETURNS 


:MD<$04E- 


$04B)<2-BYTE HEXADECIMAL DATA) * 


00010 






* 








♦ 


0001 1 






****** 


«********■■+•* 


********* 


*** 


****************************** 


00012 






* 










00013 






XBBCD 


EOU 


$4 




BCD AND HEXADECIMAL DATA ADDRCX) 


00014 






X8W0R 


EQU 


$5 




WORK AREA ADDR<X) 


00015 






YBHEX 


EOU 


$8 




2-BYTE HEXADECIMAL DATA LSD ADDR<Y) 


00016 






YBDEC 


EQU 


$6 




5-DIGITE BCD DATA MSD ADDRCY) 


00017 






BABHE 


EOU 


$F 




2-BYTE HEXADECIMAL DATA MSD ADDR(Y)+1 


00018 






BABDE 


EOU 


$1 




5-OIGIT BCD DATA LSD ADDR<Y)-1 


00019 






* 










00020 








ORG 


$0100 






00021 






BCD 


EOU 


* 




ENTRY POINT 


00022 


225 


0100 




LXI 


XBWOR 




LOAD WORK AREA A0DR<SPX) 


00023 


216 


0101 




LYI 


YBDEC 




LOAD BCD DATA MSD ADDRCSPY) 


00024 


003 


0102 




XSPXY 








00025 


224 


0103 




LXI 


XBBCD 




LOAD BCD &, HEXADECIMAL DATA ADDRfX) 


00026 


218 


0104 




LYI 


YBHEX 




LOAD HEXADECIMAL DATA ADDRCY) 


00027 


230 


0105 




LAI 


$0 




CLEAR WORK AREA S HEXADECIMAL DATA AREA 




rtf ^ 




BCDl 


LMAX 










051 


0107 




LMAIYX 










07F 






YNEI 


BABHE 








9?r 


m no 
m 




BRS 


BCDl 














LYI 


YBHEX 




LOAD 2-BYTE HEXADECIMAL DATA ADDR(Y) 










XSPY 








00034 


OEC 


OlOC 




REC 






A + HEXADECIMAL DATA -> HEXADECIMAL DATA 


00035 


092 


OlOD 




LAMY 








00036 




OlOE 












00037 


050 


01 OF 




LMAIY 








00038 


230 


0110 


BCD3 


LAI 


$0 




ADD CARRY 


00039 


018 


0111 




AMC 








00040 


050 


0112 




LMAIY 








0004 1 


07r 


0113 




YNEI 


RARWF 














BRS 


Rrnx 






00043 


002 


01 15 




XSPY 








00044 


ODF 


0116 




DY 






DECREMENT BCD DATA ADDRCY) 


00045 


071 


0117 




YNEI 


RARDF 




TEST IF BCD CONVERSION IS COMPLETED 


00046 


002 


0118 




XSPY 








00047 


3 IB 


0119 




BRS 


PlT)4 
J L 






00048 


010 


01 lA 




R JIM 








00049 


21B 


01 IB 


BCD'* 




YRHPy 




HEXADECIMAL DATA * 2 -> HEXADECIMAL DATA 8 WORK AREA 


00050 


090 


01 IC 


BCD5 


LAM 






00051 


OAl 


0110 




ROTL 








00052 


095 


OllE 




LMAX 








00053 


051 


61 IF 




LMAIYX 








00054 


07F 


0120 




YNEI 


" BABHE 






00055 


31C 


0121 




BRS 


BC05 






00056 


201 


0122 




LBI 


$1 




HEXADECIMAL DATA * 4 -> HEXADECIMAL DATA 


00057 


21B 


0123 


BCD6 


LYI 


YBHEX 








QQQ 






LAM 








06659 


OAl 


0125 




ROTL 








00060 


050 


0126 




LMAIY 








00061 


07F 


0127 




YNEI 


BABHE 






00062 


324 


0128 




BRS 


BCD7 






00063 


OCF 


0129 




DB 








00064 


323 


012A 




BRS 


BCD6 






00065 


001 


0128 




XSPX 








00066 


2iB 


012c 




LYI 


YBHEX 




HEXADECIMAL DATA + WORK AREA -> HEXADECIMAL DATA 


00067 


091 


01 2D 


BCD8 


LAMX 








00068 


018 


012E 




AMC 








00069 


051 


012F 




LMAIYX 








00070 


07F 


0130 




YNEI 


BABHE 






00071 


32D 


0131 




BRS 


BCD8 






00072 


001 


0132 




XSPX 






LOAD BCD DATA ADDRCX) 


00073 


30A 


0133 




BRS 


BC02 
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20. CONVERT 5-DIGIT BCD INTO 2-BYTE HEXADECIMAL 


MCU 


HMCS400 SERIES 


LABEL 


BCD 


PROGRAM LISTING 





When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

XBBCD: Defines X address of a 5-digit BCD number and a 2-byte 
hexadecimal number. 

XBWOR: Defines X address of work area. 

YBHEX: Defines LSD Y address of work area and 2-byte hexadecimal. 

YBDEC: Defines MSD Y address of 5-digit BCD. (YBHEX-$5) 

BABHE: Defines MSD Y address plus 1 of 2-byte hexadecimal. 

(YBHEX + $4; if this is overflow, value should be 
defined as $0.) 

BABDE: Defines LSD Y address less 1 of 5-digit BCD. (YBHEX-$A; 
if this is negative, value should be defined as $F.) 
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21. SORT 




MCU 


HMCS400 SERIES 




LABEL 1 


SORT 


FUNCTION 





Sorts a specified number of bytes in RAM in descending order; uses unsigned 
integers as sorting data. 



ARGUMENTS 


1 dlgit= 4 bits 


CHANGES IN CPU 
REGISTERS AND FLAGS 


SPECIFICATIONS 


Contents 


Storage 
Location 


IN O . OL 

Digits 


• : Not affected 
>^ : Undefined 
^ : Result 


1 word=10 bits 
ROM (Words) 


Entry 


No. of bytes 
to be sorted 


A 


1 


Starting 
address of 
data to be 
sorted (X) 


X, SPX 


2 


5S 


A 


B 


RAM (Digits) 


X 


X 


3 


X 


Y 


Stack (Digits) 


X 


X 





Starting ad- 
dress of data 
to be sorted 

m 


Y, SPY 


2 


SPX 


SPY 


No. of cycles 


X 


X 


233 


W 




Reentrant 


• 


No 




Relocatable 


Returns 








CA 


ST 


No 


X 


X 


Interrupt OK? 








Yes 



DESCRIPTION 



(1) Function Details 

(a) Argument details 

A : Holds number of bytes to be sorted minus 2 as a 1-byte 

hexadecimal number. 

X, SPX: Holds starting X address of data to be sorted. 

Y, SPY: Holds starting Y address of data to be sorted. 

(b) Example of SORT execution is shown in Fig. 1. 

If entry arguments are as shown in part of Fig. 1, sorted data is 
stored from MD($053) in descending order as shown in part Q) of Fig. 1. 
As number to be sorted is 5 bytes, $3 is loaded into Accumulator as 
shown in part (p of Fig. 1. 



SPECIFICATIONS NOTES 



"RAM" and "No. of cycles" in "SPECIFICATIONS" indicates that required to sort 
5 bytes of ascending data in descending order. 
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21. SORT 



MCU 



HMCS400 SERIES 



LABEL 



SORT 



DESCRIPTION 



Entry 

arguments 



No. 



of bytes to be sorted 
($3) 



Starting address 
MD($053) 



b39 



A 

X SPX 
Y SPY 

[U s 

bO 



1 ■ 6 

1 


• 8 




F ' F 
1 


8 ' 6 

1 


MD($053 








$05C) 



b39 



5-byte data is 
sorted in 
descending order. 

bO 



© Result 




1 


8 1 6 1 1 6 1 8 




[ MD($053 




'v^ $05C) 






Fig. 


1 Example of SORT Execution 



(2) User Notes 

Number of bytes to be sorted must be loaded as "No. of bytes 
Accumulator for correct loop processing. 

(3) RAM Allocation 



$2" into 




Fig. 2 RAM Allocation 



Label 



SCNTl 



SCNT2 



SWORK 



RAM 
b3 bO 



MD($04D) 
b3 bO 



MD($04C) 
b3 bO 



Description 



Counter indicating number of 
remaining bytes to be sorted. 



Counter indicating number of 
remaining values to be compared. 



Work area. 



MD($04B) 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


DESCRIPTION 





(4) Sample Application 

Shown below is a sample application using SORT with address space 
allocated as follows. 



MD($OAE) : Number to be sorted 

MD($OAD, $OAC) : Starting address of number to be sorted 



LWI 

LAMD 

LXA 

XSPX 

LXA 

LAMD 

LYA 

XSPY 

LYA 

LAMD 



$0 

$OAD 
$OAC 
$OAE 



Example with W=0. 



Load starting address of number to be 
sorted into entry argument. 



CALL 



SORT 



Load number of bytes to be sorted 
into entry argument. 

Call SORT. 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


DESCRIPTION 





(5) Basic Operation 

(a) Fig, 3 shows how 3 units of number are sorted in descending order. 
Input data 



10 



First 
/comparison ^ 
( performed 1 
Vn~l=2 times/ 



Second 
/comparison"^ 
( performed ) 
\n~2=l times/ 



5 10 

X. 



10 



10 



10 



J o 

X 



Note: 



Number of bytes : n=3 

..(D 

..© 
..© 



-^'""^indicates 
comparison 

^^Xj^indicates 

data exchange 



10 8 5 . . . 

Fig. 3 Sorting Example 

(i) Determines the largest value among the three and places it into the 
left position. (See Fig. 3 ®,(2) and (5)) 

(ii) Compares middle and right values and places the larger one in the 
middle. (See Fig. 3 ® ,©) 

(b) Program processing 

(i) Number of bytes to be sorted (Accumulator) is loaded into SCNTl. 
SCNTl is used as sort counter. 



(ii) SCNT2 is used as pointer to number in RAM to be sorted. SCNT2 is 
initialized to SCNTl value every time SCNTl is decremented, i.e., 
as sorting continues, the number of values to be sorted is reduced. 

(iii) Value to be compared pointed to by X and Y registers is loaded into 
Accumulator and B register. 

(iv) Address where value is stored is incremented and new value is 
compared with value in Accumulator and B register. 

(v) First, upper digits of values are compared. 

If value is larger than or equivalent to compared value, then 
lower digits are compared. 

(vi) If value in memory is larger than compared value in Accumulator 
and B register, they are exchanged. 

(vii) SCNT2 showing number of remaining bytes is decremented; operation 
loops from (iv) to (vi) until SCNT2 is $0. 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


DESCRIPTION 





(viii) When SCNT2 reaches $0, largest value compared with Accumulator 
and B register is stored. 

(ix) The largest value is stored in the address specified by X and Y 
registers . 

(x) X and Y addresses specified in (ix) is decremented to indicate 
address of next value to be compared. 

(xi) SCNTl showing how many data remain to be compared is decremented. 

(xii) Operation loops from (iii) to (xi) until SCNTl is $0. 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


FLOWCHART 





^ sort"^ 



SORT 



A SCNTl 



SORTl 



SCNTl 



SCNT2 



M -> A 
I 



Y+1 Y 
I 



M B 



S0RT2 



Y+1 Y 




BR 



Y^$0 



Y=$0 



X+$l -> X 






S0RT3 




A , 


< M 



Store number of bytes to be sorted 
in SCNTl. 



Store number of values to be 
sorted in SCNT2. 



Load first value to be sorted into 
Accumulator and B register. 



Load Y address of next value to be 
sorted . 

Test if Y address of value needs 
to be incremented. 



-[ 




Increment X address of value to be 
sorted. 



Compare upper digits of values. 



Branch if value is larger than 
compared value. 



Load Y address of value. 



Decrement SCNT2. 



Test if comparison is completed. 



174 HITACHI 



21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


FLOWCHART 





SORTS 



"y™'spy" 



A M 
Y+1 .Y 



I 



B M 
I 



Y+1 ■* Y 
I 



X ^ 


SPX 


Y ^ 


SPY 


1 


SPY 


Y 






SPX 


A 


<?^>^ 




Y=$0 


A+$l ->A 


1 


A 


SPX 



Y?^$0 



S0RT6 



Store largest value (Accumulator, 
B register) in RAM. 



Load address in which second 
largest value is stored. 



■-[ 



Test if X address of SPX register 
needs to be incremented. 




Increment X address of SPX register. 



Load X address of next value to be 
compared . 

Decrement SCNTl. 



Test if all data is sorted. 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


FLOWCHART 






Test if upper digits of values 
are equivalent . 



-r 



Load Y address of lower digits of 
Lvalue to be sorted. 

Compare lower digits of values. 
If value is larger than compared 
value, branch to SORTS. 



[Reload Y address of upper digits 
of value. 



If value is larger than compared 
value, exchange them. 
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21. SORT 


MCU 


HMCS400 SERIES 


LABEL 


SORT 


PROGRAM LISTING 





ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


30A 




0000 




LLEN 


132 






00002 








****** 






***)tt****Ai* **************** *********** 




00003 








* 










00004 








* 


NAME : SORT (SORT) 


* 




00005 








* 






* 




00006 








****** 








00007 








* 










00008 










ENTRY : 


A 


(NO. OF BYTES TO BE SORTED) * 




00009 








* 




X.SPX 


(START ADDR(X) OF DATA TO BE SORTED)* 




00010 








* 




Y . SPY 


(START ADDR(Y) OF DATA TO BE SORTED)* 




0001 1 








* 


RETURNS : 


NOTHING 






00012 








* 






* 




00013 








K( K< 4: )K « <f 


*********** 


ikiiiim*************i¥*************>t.'^ ****** 




00014 








* 










00015 








SCNTl 


EQU 


$04D 


SORTING DATA COUNTER ADDR 




00016 








SCNT2 


EOU 


$04C 


COMPARISON DATA COUNTER ADDR 




00017 








SWORK 


EQU 


$04B 


WORK AREA ADDR 




00018 








* 










00019 










ORG 


$0100 






00020 








SORT 


EQU 


* 


ENTRY POINT 




00021 


194 


040 


0100 




LMAD 


SCNTl 


LOAD NO OF BYTES TO BE SORTED INTO 


SCNTl 


00022 


194 


04C 


0102 


SORTl 


LMAD 


SCNT2 


LOAD NO OF BYTES TO BE SORTED INTO 


SCNT2 


00023 


090 




0104 




LAM 




LOAD COMPARISON DATA 




00024 


05C 




01 05 




lY 








00025 


040 




0106 




LBM 








00026 


05C 




0107 


SDRT2 


lY 




LOAD SORTING DATA ADDR(Y) 




00027 


312 




0108 




BRS 


SORT 3 






00028 


180 


048 


0109 




XMAD 


SWORK 


LOAD SORTING DATA ADOR(X) 




00029 


001 




01 08 




XSPX 








00030 


068 




OlOC 




LASPX 








00031 


001 




OlOD 




XSPX 








00032 


281 




OlOE 




AI 


$1 


INCREMENT SORTING DATA ADDR(X) 




00033 


0E8 




OlOF 




LXA 








00034 


180 


048 


01 10 




XMAD 


SWORK 






00035 


014 




0112 


S0RT3 


ALEM 




COMPARISON DATA(A) =< SORTING DATA 


7 


00036 


32F 




0113 




BRS 


S0RT7 


BRANCH IF A =< SORTING DATA 




00037 


05C 




0114 




lY 








00038 


1 80 


04C 


01 15 


S0RT4 


XMAD 


SCNT2 


DECREMENT COMPARISON DATA COUNTER 




00039 






on 7 




AI 


ivF 


TEST IF COMPARISON IS COMPLFTFD 




00040 


180 


04 C 


0118 




XMAD 


SCNT2 






00041 


307 




OllA 




BHS 


S0RT2 






00042 


003 




0118 


S0RT5 


XSPXY 




STORE LARGEST DATA 




00043 


050 




one 




LMAIY 








00044 


OCO 




0110 




XMB 








00045 


05C 




OllE 




lY 




LOAD SECOND LARGEST DATA ADDR(Y) 




00046 


003 




01 IF 




XSPXY 








00047 


058 




0120 




LASPY 








00048 


008 




0121 




LYA 








00049 


068 




0122 




LASPX 








00050 


327 




0123 




BRS 


S0RT6 






00051 


281 




0124 




AI 


$1 


INCREMENT ADOR(X) OF SPX 




00052 


0E8 




0125 




LXA 




LOAD COMPARISON DATA ADDR(X) 




00053 


001 




0126 




XSPX 








00054 


0E8 




0127 


S0RT6 


LXA 




LOAD NEXT DATA ADDR<X) 




00055 


180 


04D 


0128 




XMAD 


SCNTl 


DECREMENT SORTING DATA COUNTER 




00056 


28F 




012A 




AI 


$F 


TEST IF ALL DATA IS SORTED 




00057 


]94 


040 


0128 




LMAD 


SCNTl 






00058 


302 




0120 




BRS 


SORTl 






00059 


010 




012E 




RTN 








00060 


004 




012F 


S0RT7 


ANEM 




COMPARISON DATA(A) = SORTING DATA ? 


00061 


336 




0130 




BRS 


S0RT9 






00062 


05C 




0131 




lY 




COMPARISON DATA(B) =< SORTING DATA 


? 


00063 


0C4 




0132 




BLEM 








00064 


335 




0133 




BRS 


SORTS 






00065 


315 




0134 




BRS 


S0RT4 






00066 


OOF 




0135 


S0RT8 


OY 




LOAD ADDR(Y) OF UPPER DIGIT 




00067 


030 




0136 


S0RT9 


XMA 




EXCHANGE DATA 




00068 


05C 




0137 




lY 








00069 


OCO 




0133 




XMB 








00070 


315 




0139 




BRS 


S0RT4 







When storing arguments in other RAM locations, change the EQU 
operands for the following labels. 

SCNTl: Defines work area address indicating number of bytes 
to be sorted. 

SCNT2: Defines work area address indicating number of values 
to be compared. 



SWORK: Defines work area address for saving Accumulator 
contents. 
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INSTRUCTION SET 

I 



Symbols and Abbreviations 



a -> b Transfer from "a" to "b" 

a<-^b Exchange between "a" and "b" 

X Logical negation (NOT) 

"1" "High" level 

"0" "Low" level 

LSB Least Significant Bit 

MSB Most Significant Bit 

NZ None Zero 

NB No Borrow ► Status is set when NZ, NB, or OVF occurs 

OVF Overflow 

n AND 

U OR 

© Exclusive OR 

^ Not Equal 

£ Less than or Equal 

DIRECT Addressing by the instruction operand in the ROM code 

REGISTER Addressing by the contents of Address Register 

I/E Interrupt enable flag 

PC Program counter 

SP Stack pointer 

ST Status flag 

CA Carry flag 

A Accumulator 

B B register 

W W register 

X X register 

SPX SPX register 

Y Y register 

SPY SPY register 

M Memory (RAM) 

MR Memory register 

R Data I/O pin or data register 

D Discrete I/O pin or discrete latch 
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Sjnmbolic Operands Used with Instruction Set Mnemonics 



Symbol 


Contents 


Label 


D 


HD 


B 


n 


RAM digit selection by 2 bits 


O 


o 


o 


o 


m 


RAM (Mr) digit and port selection 
by 4 bits 


O 


o 


o 


o 


P 


Replacement of contents of PC 
by 4 bits 


O 


o 


o 


o 


a 


Replacement of contents of PC 
by 6 bits 


O 


X 


o 


o 


b 


Replacement of contents of PC 
by 8 bits 


O 


X 


o 


o 


d 


Replacement of PC or RAM direct 
address by 10 bits 


O 


X 


o 


o 


i 


Immediate data by 4 bits (Note) 


O 


o 


o 


o 


u 


u = p + d (14 bits) 


o 


X 


o 


o 



D: Decimal HD: Hexadecimal B: Binary 

O • • • • Can be used x .... Cannot be used 

(Note) In case of LWI instruction, 2 bits. 
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Immediate Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
^CLE 


Load A from Immediate 


LAI i 


1 1 1 is i2 ii io 


i ►A 




1/1 


Load B from immediate 


LBI i 


1 is 12 ii io 


i ►B 




1/1 


Load Memory from Immediate 


LMIO i,d 


1 1 1 13 i2 ii io 


i ►M 




2/2 


Load Memory from Immediate, Increment Y 


LMIIY i 


1 1 1 is i2 ii io 


i^M,Y+1-Y 




1/1 



Register-to-Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp/ 
^CLE 


Load A from B 


LAB 





1 10 


B-*A 




1/1 


Load B from A 


LBA 





1 1 1 


A-B 




1/1 


Load A from Y 


LAY 





10 10 1111 


Y-A 




1/1 


Load A from SPX 


LASPX 





1 1 1 


SPX-A 




1/1 


Load A from SPY 


LASPY 





1 1 1 


SPY-A 




1/1 


Load A from MR 


LAMR m 


10 11 1 m3m2mimo 


MR(m)-A 




1/1 


Exchange MR and A 


XMRA m 


10 1111 m3m2mimo 


MR(m)-A 




1/1 



RAM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 

'€ycle 


Load W from Immediate 


LWI i 


00 1 1 1 1 i, io 


i ►W 




1/1 


Load X from Immediate 


LXI i 


1 1 is i2 ii io 


i ►X 




1/1 


Load Y from Immediate 


LYI i 


10 1 i3 is ii io 


i ►Y 




1/1 


Load X from A 


LXA 


00 1 1 10 1000 


A ►X 




1/1 


Load Y from A 


LYA 


00 1 1 1 1 000 


A ►Y 




1/1 


Increment Y 


lY 


000 1 1 1 1 00 


Y+1-»Y 


NZ 


1/1 


Decrement Y 


DY 


0011011111 


Y-1-Y 


NB 


1/1 


Add A to Y 


AYY 


0001010100 


Y + A-Y 


OVF 


1/1 


Subtract A from Y 


SYY 


00 1 10 10 100 


Y-A-»Y 


NB 


1/1 


Exchange X and SPX 


XSPX 


000000000 1 


X*-SPX 




1/1 


Exchange Y and SPY 


XSPY 


00000000 10 


Y*-SPY 




1/1 


Exchange X and SPX.Y and SPY 


XSPXY 


00000000 1 1 


X-*SPX.Y--SPY 




1/1 
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RAM Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


'^CLE 


Losd A from Momory 


LAM(XY) 


001001 OOyx 


M-A 




1 /I 


Load A from Memory 


LAMD d 


1 100 1 00 00 
ds da d? de ds d4 da da di do 


M— ♦A 




2/Z 


Losd B from Memory 


1 RM/VV\ 


uuu 1 uuuuy x 


M— B, (y«spy) 






1 nflH ^Amnrv frnm A 
Uwou ivioiiiui y iiuiii 


LMA(XY) 


1 1 1 y X 


A-M (5*"fE5) 




1/1 


Load Memory from A 


LMAD d 


1 10 10 10 

ds ds d? de ds d4 da dj di do 


A-M 




1/2 


Load Memory from A, Increment Y 


LMAIY(X) 


OOOIOIOOOx 


A-M,Y+1-Y<x^.SPX) 


NZ 


1/1 


Load Memory from A, Decrement Y 


LMADY(X) 


00 1 1 1 000 X 


A-M.Y-I-Y(X.^SPX) 


NB 


1/1 


Exchange Memory and A 


XMA(XY) 


00 1 000 00 y X 






1/1 


Exchange Memory and A 


XMAD d 


01 10000000 
d9 ds d? de ds d4 da d2 dt do 


M-*A 




2/2 


Exchange Memory and B 


XMB(XY) 


00 1 1 0000 y X 


M— B, (yHIpy) 




1/1 



Note) (XY) and (x) have the meaning as follows: 

(1) The instructions with (XY) have 4 mnemonics and 4 object codes for each, (example of LAM (XY) is given below.) 



MNEMONIC 


V 


X 


FUNCTION 


LAM 










LAMX 





1 


X*>SPX 


LAMY 


1 





Y-H-SPY 


LAMXY 


1 


1 


X ♦♦SPX, Y +>SPY 



(2) The instructions with (x) have 2 mnemonics and 2 object codes for each, (example of LMAIY(X) is given below.) 



MNEMONIC 


X 


FUNCTION 


LMAIY 







LMAIYX 


1 


X**SPX 
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Arithmetic Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 




Add Immediate to A 


Al i 


1 1 Oi3 i2 ii io 


A+ i-A 


OVF 


1/1 


Increment B 


IB 


000 100 1 100 


B+1-B 


NZ 


1/1 


Decrement B 


DB 


0011001111 


B-1-B 


NB 


1/1 


Decimal Adjust for Addition 


DAA 


0010100 1 1 






1/1 


Decimal Adjust for Subtraction 


DAS 


10 10 10 10 






1/1 


Negate A 


NEGA 


0001 100000 


A+ 1--A 




1/1 


Complement B 


COMB 


0101000000 


B-B 




1/1 


Rotate Right A with Carry 


ROTR 


0010100000 






1/1 


Rotate Left A with Carry 


ROTL 


00 10 10000 1 






1/1 


Set Carry 


SEC 


1110 1111 


1->CA 




1/1 


Reset Carry 


REC 


1 1 10 1 10 


0-CA 




VI 


Test Carry 


TC 


1 10 11 1 1 




CA 


1/1 


Add A to Memory 


AM 


000000 1000 


M+A^A 


OVF 


1/1 


Add A to Memory 


AMD d 


§9 ds % % §4 ^3 §2 S'l §0 


M + A^A 


OVF 


2/2 


Add A to Memory with Carry 


AMC 


000001 1 000 


M + A + CA-+A 
OVF->CA 


OVF 


1/1 


Add A to Memory with Carry 


AMCD d 


10 1 10 

ds dg d? de ds d4 da d2 di do 


M + A + CA— »A 
OVF->CA 


OVF 


2/2 


OUDli dUl M liUiii iVitJi 1 ILII y wi 11 1 v.^ai 1 y 


SMC 


1 1 10 


M-A-CA-A 
NB->CA 


NB 


1 /I 


Subtract A from Memory with Carry 


SMCD d 


dg ds d? ^6 ^5 d4 ds ^2 2i 2d 


M-A-CA— A 
NB-^-CA 


NB 


2/2 


OR A and B 


OR 


10 1000100 


AUB -A 




1/1 


AND Memory with A 


ANM 


00 100 1 1 1 00 


AOM^A 


NZ 


1/1 


/AND Memory with A 


ANMD d 


1 10 1 1 10 

ds ds d? ds ds d4 ds d2 d 1 do 


AHM-A 


NZ 


2/2 


OR Memory with A 


ORM 


0000001 100 


AUM-A 


NZ 


1/1 


OR Memory with A 


ORMD d 


^9 ds d? de ^5 2* d3 d2 2i 2o 


AUM^A 


NZ 


2/2 


EOR Memory with A 


EORM 


00000 11100 


A®M^A 


NZ 


1/1 


EOR Memory with A 


EORMD d 


1 000 1 1 1 (56 

dg ds d? de ds d4 da d2 di do 


A@M->A 


NZ 


2/2 
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Compare Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD/ 


Immediate Not Equal to Memory 


llNtlVI 1 


1 i3 i2 ii io 


i ^ M 


ric. 




Immediate Not Equal to Memory 


iiNkivlU 1,0 


1 1 ia ij ii ip 
ds dg d? de ds d4 da U2 d i do 


i / M 






A Not Equal to Memory 


AIMtlVl 


r\ r\ n r\ n r\ r\ 1 n n 
UUUUUUU 1 uu 


A M 




1/1 


A Not Equal to Memory 


AlMcMU U 


01000QQ100 

dg de d? de ds 04 da d2 di do 


A ^ M 






B Not Equal to Memory 


BNEM 


uuu i uuu 1 uu 




M7 


1/1 


Y Not Equal to Immediate 


YNEI i 


UUUI 1 1 I3 '2 ll 'O 


V -/- i 


M7 


1 /^ 


Immediate Less or Equal to Memory 


ILEM i 


1 1 13 '2 ii io 


i M 


MR 
iMD 


1/1 


Immediate Less or Equal to Memory 


ILcMU 1,0 


10 1 1 '3 i? ii ip 
dg de d? de ds d4 da 02 di do 


i ^ M 


MC 
iNo 


2/2 


A Less or Equal to Memory 


ALEM 


0000010100 


ASM 


NB 


1/1 


A Less or Equal to Memory 


ALEMD d 


1 000 1 1 00 

dg de d? de ds d4 da da di do 


Asm 


NB 


2/2 


B Less or Equal to Memory 


BLEM 


110 10 


BsM 


NB 


1/1 


A Less or Equal to Immediate 


ALEI i 


10 10 1 1 is i2 ii io 


As i 


NB 


1/1 


RAM Bit Manipulation Instruction 


OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 

/O'CLE 


Set Memory Bit 


SEM n 


10 1 nino 


1-M(n) 




1/1 


Set Memory Bit 


SEMD n,d 


1 10000 1 nmo 

dg da d? d§ ds d4 da d2 di do 


1-M(n) 




2/2 


Reset Memory Bit 


REM n 


10 10 nino 


0-»M(n) 




1/1 


Reset Memory Bit 


REMD n,d 


1 10 001 On,no 
dg de d? de ds d4 da d2 di do 


O-^M(n) 




2/2 


Test Memory Bit 


TM n 


10 1 1 nine 




M(n) 


1/1 


Test Memory Bit 


TMD n,d 


1 1000 1 1 nmo 

dg ds d? de ds d4 da d2 di do 




M(n) 


2/2 



ROM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
^^YCLE 


Branch on Status 1 


BR 


b 


1 1 b7b6b5b4b3b2bibo 




1 


1/1 


Long Branch on Status 1 


BRL 


u 


10 111 P3P2P1P0 

dg ds d? de ds d4 da d2 di do 




1 


2/2 


Long Jump Unconditionally 


JMPL 


u 


10 10 1 P3P2P1P0 
dgd8d7d6dsd4dad2di do 






2/2 


Subroutine Jump on Status 1 


CAL a 


111 a5a4a3a2aiao 




1 


1/2 


Long Subroutine Jump on Status 1 


CALL 


u 


Q 1 Q 1 1 Q P3P2P1P0 
dg ds d? de ds d4 da d2 di do 




1 


2/2 


Table Branch 


TBR 


p 


10 1 1 P3P2P1P0 






1/1 


Return from Subroutine 


RTN 


00000 10000 






1/3 


Return from Interrupt 


RTNI 


0000010001 


1-l/E 
CA RESTORE 


ST 


1/3 



Input /Output Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD/ 
^CLE 


Set Discrete I/O Latch 


SED 


1 1 10 1 


1->D{Y) 




1/1 


Set Discrete I/O Latch Direct 


SEDD m 


10 1110 m3m2mimo 


1-*D(m) 




1/1 


Reset Discrete I/O Latch 


RED 


1 1 1 


O-D(Y) 




1/1 


Reset Discrete I/O Latch Direct 


REDD m 


10 1 10 m3m2nnimo 


O-D(m) 




1/1 


Test Discrete I/O Latch 


TD 


1 1 1 




D(Y) 


1/1 


Test Discrete I/O Latch Direct 


TDD m 


10 10 10 m3m2mimo 




D(m) 


1/1 


Load A from R-Port Register 


LAR m 


10 10 1 m3m2mimo 


R(mHA 




1/1 


Load B from R-Port Register 


LBR m 


10 1 m3m2mimo 


R(m)— B 




1/1 


Load R-Port Register from A 


LRA m 


10 110 1 m3m2mimo 


A-R(m) 




1/1 


Load R-Port Register from B 


LRB m 


10 1 10 m3m2mimo 


B-^R(m) 




1/1 


Pattern Generation 


P P 


1 1 1 1 P3P2P1P0 






1/2 
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Control Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
^CYCLE 


No Operation 


NOP 


0000000000 






1/1 


Start Serial 


STS 


10 1001000 






1/1 


Stand-by Mode 


SBY 


10 1001 100 






1/1 


Stop Mode 


STOP 


10 1001 101 






1/1 
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HMCS400 SERIES 



Section Three 



Hardware 
Application Notes 



HARDWARE APPLICATION NOTE 

• Application Note Guide 3 

• System Application Examples 

Zero Cross 37 

A/D Conversion 49 

Pulse Output Duty Control 66 

Pulse Width Measurement 87 

Input Pulse Count 98 

Key Matrix (8 x 4) 110 

Fluorescent Display Tube Control 129 

Stepping Motor Control 145 

Use of Commercial Keyboards 187 

Clock Synchronous SCI (External Clock) 204 

Clock Synchronous SCI (Internal Clock) 217 

Liquid Crystal Driver (HD61100A) Control 234 

HD61830 (LM200) Graphic Mode 251 

Liquid Crystal Module (Cycle Measurement) 287 

Low Power Dissipation Mode and Watching 

Timer Execution Using the HA1835A 310 

• Instruction Set 333 



PREFACE 



The HMCS402C, HMCS404C, and HMCS408C are 4-bit single chip microcomputers all 
incorporating the latest CMOS high pressure resistant processes, and are 
capable of driving directly flourescent display tubes. Their performance 
characteristics have been substantially upgraded from the previous HMCS40 
series in terms of operation speed, functions and program efficiency. 

A CPU, clock oscillator, ROM, RAM, I/O timer and serial interface (SCI) are 
all outfitted on a single chip enabling the product to perform over a wide 
range from small to large scale applications. 

These Hardware Notes deal with application examples utilizing the special 
functions of the HMCS402C, HMCS404C and HMCS408C. It has been compiled to 
assist system hardware designers by providing application examples with 
circuit diagrams, timing charts and program listings. (The examples have 
been written for the HMCS404C but can be applied to the HMCS402C and HMCS408C.) 

Application systems examples in these Notes should be tested by actual opera- 
tion before being put to practical use. 



For additional information reference: 

•Section 1, HMCS400 Series User's lUlanual 

•Section 2, HIVICS400 Series Software Application Notes 



LCD Driver Application 



12 Liquid Crystal Driver (HD61100A) Control 234 

13 HD61830 (LM200) Graphic Mode 251 

14 Liquid Crystal Module (Cycle Measurement) 287 

Low Power Dissipation/Fail Safe Applications 

15 Low Power Dissipation Mode and 

Watching Timer Execution Using the HA1835A . 310 

INSTRUCTION SET 

Symbols and Abbreviations 333 

Symbolic Operands Used with Instruction Set Mnemonics 334 

Immediate Instruction 335 

Register to Register Instruction 335 

RAM Address Instruction 335 

RAM Register Instruction 336 

Arithmetic Instruction 337 

Compare Instruction 338 

RAM Bit Manipulation Instruction 338 

ROM Address Instruction 338 

Input/Output Instruction 338 

Control Instruction 339 

Op-Code Map 339 

Hitachi Sales Offices 3^^ 
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1. Explanation of Symbols 

Symbols and abbreviations used in these Notes are as follows. 

(1) Operation 
a b = transfer from a to b 
a -M- b = exchange a with b 

+ = addition 

= subtraction 
X = multiplication 
/ = division 

(2) Registers within the MCU 

A = Accumulator 
W = W register 
SPX = SPX register 

(3) Flags within the MCU 
CA = Carry 

(4) Other Symbols 

= = equivalence symbol 

= not equal to 
: = denotes labels having consecutive addresses 
$ = denotes hexadecimal digits 
'^/'^r^.f^ = comparison symbols 

MD ($***) = denotes 1 digit in RAM area as used in direct addressing 
mode ($*** specifies the address location) 

MR ($*) = denotes 1 digit in memory registers as used in memory 
register addressing mode ($* specifies the address 
number ) 

MSD = denotes the highest digit in RAM 



A = logical product (AND) 
V = logical sum (OR) 
© = exclusive OR 

B = B register 
X = X register 
SPY = SPY register 

ST = Status 
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2. Application Example Configuration 

This chapter explains the configuration of each system application example 
following this chapter. 

Each application example in APPLICATION NOTES is divided into 5 sections, 
as shown in figure 1. 



1st SECTION- 
(HARDWARE) 



2nd SECTION - 
(SOFTWARE) 



3rd SECTION 

(PROGRAM MODULE) 



4th SECTION - 
(SUBROUTINE) 



HARDWARE DESCRIPTION - 



L. 



-FUNCTION 

-MICROCOMPUTER OPERATION 
-PERIPHERAL DEVICES 
-CIRCUIT DIAGRAM 
-PIN FUNCTIONS 
-HARDWARE OPERATION 



SOFTWARE DESCRIPTION - 



L. 

n 



PROGRAM MODULE 

DESCRIPTION ■ 



L. 



SUBROUTINE 

DESCRIPTION - 



•PROGRAM MODULE 

CONFIGURATION 
-PROGRAM MODULE 

FUNCTIONS 
-PROGRAM MODULE PROCESS 

FLOW (Main Program) 



- FUNCTION 

- ARGUMENTS 
-CHANGES IN CPU 
REGISTERS AND 

- SPECIFICATIONS 
-DESCRIPTION 



FLAGS 



-SPECIFICATIONS 
NOTES 



-FLOWCHART 



J 



I 



Function 

Details i 

— User Notes 

— RAM Alloca- I 

tion I 

Sample | 

Application | 

Basic I 

Operation i 



-FUNCTION 
-BASIC OPERATION 
•PROGRAM MODULE USING 

THIS SUBROUTINE 
- FLOWCHART 



.J 



5th SECTION- 



(PROGRAM LISTING) | 



PROGRAM LISTING- 



L. 



•MAIN PROGRAM LISTING 



PROGRAM MODULE LISTING 

-SUBROUTINE LISTING 



.-J 



Figure 1. Application Example Configuration 
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(1) 1st Section (Hardware) 

Describes functions, circuit diagram, hardware operation for each 
hardware application example and making specific use of HMCS400 series 
characteristic functions. 

(2) 2nd Section (Software) 

Describes program module configuration which controls hardware 
application example explained in the 1st Section. Also shows main 
program of sample application. 

(3) 3rd Section (Program Module) 

Describes program modules except main program, presented in the 2nd 
Section,, in detail. Each program module is described in the same 
formal so that users can use them independently. 

(4) 4th Section (Subroutine) 

Describes subroutine used by each program module. When using program 
modules explained in the 3rd Section, refer to these subroutines, if 
necessary. 

(5) 5th Section (Program Listing) 

Provides program listings for sample application explained in the 
1st section. 

A detailed explanation of all five sections follows. 
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3. 1st Section (Hardware) 
3.1 Function 

Describes system specifications for the hardware used in a particular 
application. 

Example : 




14.1.1 Function 

Controls LCD module H2570 and displays "CMOS MCU hMCS400" on the 
liquid crystal display. 




3.2 Microcomputer Operation 



Describes typical functions of the microcomputer used in a particular 
application. 



Example : 




14.1.2 Microcomputer Operation 



(1) Controls HD44780 (hereafter abbreviated LCD-II) data bus through 
ports R4 and R5. 

(2) Controls LCD-II control signals (Signals RS, R/W and E) 
through port D, 

(3) To control LCD-II data bus and control signals by HMCS404C 
software, there are no restrictions in terms of timing. 

(4) From HMCS404C display data is transmitted to LCD-II in the form 
of ASCII code. Liquid crystal driver HD44100 and the liquid 
crystal display are automatically controlled by LCD-II which is 
in turn controlled by the HMCS404C. 
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3 . 3 Peripheral Devices 

Describes typical functions of the peripheral devices used in a 
particular application. 

Example: 



14,1.3 Peripheral Devices 

(1) LCD controller driver HD44780 (LCD-II) : Controls dot matrix 
LCD of LCD module H2570. 

(2) LCD driver HD44100: Drives LCD of LCD module H2570. 

(3) LCD module H2570: Provides a display of 16 characters x 1 row. 



3.4 Circuit Diagram 

Describes the circuit diagram for the hardware example. 

Note) All microcomputers described in APPLICATION NOTES use the plastic 
DIP type package. 

Example : 



14.1.4 Circuit Diagram 



MMC S 4 4 C 
/ HMCS ♦ 2 C N 
^ 1 1 M C S 4. (I 8 C ^ 







3i 






35 


i4_ 




3« 


10 1 




24. 


11 1 


50 


25 


12 1 




20 13 i 


SJ 


27 


^-1- 



Liquid Crystal Module H2570 



I>Bn |ID**7B0 




Fig. 14.1. H2570 Control Circuit 
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I/O options can be selected for the HMCS400 series. 

In the circuits shown in this manual, CMOS is selected for standard output 
ports, with pull-up MOS is selected for standard input ports, with pull- 
down MOS is selected for high voltage ports. 

3.5 Pin Functions 

Describes interface between microcomputer and the external circuit using 
a table. 

Example: 



14.1.5 Pin Functions 



Pin functions at the connecting interface of HMCS404C and LCD-II are 
shown in Table 14.1. 

Table 14.1. Pin Functions 



Pin Name Input/ 
(HMCS404C) Output 


Active 
level 


Function 


Pin Name 
(LCD-II) 


Dq Input/ 


Low 


Selects instruction register 


RS 


Output 


High 


Selects data register 




Dl 


Low 


Data writing 
(Microcomputer-)- LCD-II) 


R/W 




High 


Data reading 
(Microcomputer -t- LCD-II) 




D2 


High 


Enable signal 


E 


R40 




Data line 


DBO 


R4I 






DBl 


R42 






DB2 


R43 






DB3 


R50 






DB4 


R5I 






DB5 


R52 






DB6 


R53 






DB7 



"Active Level" in the table indicates the following: 

High : Logical 1 
Low : Logical 
— : Logical 1 or 
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3.6 Hardware Operation 

Describes hardware operation for controlling an external circuit using 
a timing chart. 



Example: 



14.1.6 Hardware Operation 



Control signals from both the HMCS404C and LCD-II is performed with 
the timing shown in Fig. 14.2. 

(l) Data is written to LCTC at the falling edge of E. 
(D Data from LCD-II can be read during period T^. 



Pin name (LCD-II) 
RS, R/W 



DB0-DB7 
(IIMCS4.04.C — LCD-n ) 



DB0-DB7 
( HMOS 4040^ LCD- n ) 



X 



7^ 











)X 


® 


T, 


® 






V X 



Fig. 14.2. HMCS404C -<-»■ LCD-II Interface Timing Chart 
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4. 2nd Section (Software) 



4.1 Program Module Configuration 

Describes program module configuration to control the hardware applica- 
tion example. Each program module is numbered. 'No. of main program is 
0, and the other program modules are numbered from 1 to N. 

Example: 




14.2.1 Program Module Configuration 

Fig. 14.3 shows the program module configuration for performing 
display on the liquid crystal. 



LCDMN 





[± 

Main ' — 
Program 












LCDRES 


LCD INT 


LCDDSP 


Ll 

Reset 
LCD- II 




Initialize ' — 
LCD- I I 




3 

Display ' — 
on LCD- I I 



Fig. 14.3. Program Module Configuration 
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4.2 Program Module Functions 

Describes function of each program module using a table. "No." in the 
table matches "No." in the Program Module Configuration. 

Example : 




14.2.2 Program Module Functions 

Outline of program module functions is shown in Table 14.2. 



Table 14.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


LCDMN 


Main program which conducts 
character display on H2570 


1 


Reset LCD-II 


LCDRES 


Resets LCD-II according to instructions 


2 


Initialize LCD-II 


LCDINT 


Initializes LCD-II display mode 


3 


Display on LCD 


LCDDSP 


Sends ASCII code to LCD-II and 
displays on H2570 
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4.3 Program Module Process Flow (Main Program) 



Describes sample main program to execute program modules, explained in 
(1) Program Module Configuration. 

Example: 



14.2.3 Program Module Process Flow (Main Program) 



An example of conducting character display on H2570 using the module 
shown in Fig. 14.3 is shown in Fig. 14.4. Execution of the main 
program of Fig. 14.4 results in liquid crystal demonstration display 
as shown in Fig. 14.5. 




Main Program 



1^ Initialize W regis 



Call LCDHES and resets LCD-II 



Call I/:dint and initializes ICD-II 



Transfer display data in the data table 
by the P Instruction to the accumulator 



Test whether transferred data is or not. 
If 0, end program 



Fig. 14.4. Example of Program Module Sample Application 









1 c!|mI!o|| s|| |iM||cj|uli 


|iij!M|!c!!sl 


i\\ n II ul 


1 n II 1 M >i 11^ j 





Fig. 14.5. Example of Liquid Crystal Ui splay 
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5. 3rd Section (Program Module) 



The 3rd Section consists of the parts as shown in figure 2. 



PART 1 

(SPECIFICATION) 



PART 2 

(DESCRIPTION) 



PART 3 

(FLOWCHART) 



• FUNCTION 

• ARGUMENTS 

-CHANGES IN CPU REGISTERS AND FLAGS 

• SPECIFICATIONS 
•SPECIFICATIONS NOTES 



■ DESCRIPTION • 



•Function Details 
-User Notes 
-RAM Allocation 
•Sample Application 
-Basic Operation 



FLOWCHART 



Program Module Neune; 



Program Module Name: 






Label; 







Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Registers and Flags 



I I I 

I ' I ' I 

SPX SPY 

I I I 

CA ST 

I I I 



ficatic 



1 word = 10 bit! 
ROM (Words) : 

Stack (Digits) : 
No. of cycles: 
Reentrant: 
Relocatable: 
Interrupt OK?: 



Figure 2. Program Module Section 
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5.1 Specification 

I — I 

The Specification Part is shown in figure 3. ([_ ^ ]: blocked o.ff area 

in figure 3). This part explains function, arguments, changes in CPU 
registers and flags, specifications and specifications notes. Each 
numbered item in the figure is described below. 



(2) 



(3) 



(D- 



(4)-4 


Function; 
















(6) 


(7) 



Program Module Name: 



(5)- 



Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Changes in CPU 
Registers and Flags; 



SPX SPY 



• : Not Affected 
X : Undefined 
I : Result 



Specifications; 

1 word = 10 bits 
ROM (Words) : 
RAM (Digits) : 
Stack (Digits) : 
No. of cycles: 
Reentrant: 
Relocatable: 
Interrupt OK?: 



Description: 



(8)- 



Specifications Notes: 



Figure 3. Specification Part 
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(1) PROGRAM MODULE NAME: Indicates the name of the module. 
Example: 

Program Module Name; 

Display on LCD 



(2) MCU: Indicates the names of microcomputers for which this module 
can be applied. 

MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



(3) LABEL: Indicates the name identifying program entry point. When 
using the program without modification, use this label to call 
the program. 

Example: 

Label; LCDDSP 



(4) FUNCTION: Describes program function. 
Example : 

Function: Writes ASCII code in DDRAM of LCD-II and displays graphically on 
liquid crystal. 
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(5) ARGUMENTS: Describes entry arguments which must be initialized 

before program execution, and return arguments after execution. 

(a) Contents: Describes arguments' contents, e.g., constant, 
starting address, string length. 

(b) Storage Location: Indicates registers and RAMs in which 

arguments must be stored. RAM locations 
are denoted by "(RAM)". 

Note: Absolute storage locations in RAM address space are 

designated by MD ($WXY, $WXY) using W, X and Y addresses. 
For example, MD ($033, $032) refers to the marked area 
in the memory array shown below. 



Y Address 



W X Y W X Y 



w, X 

Address 





F 


E 


D 


C 


B 


A 


9 


8 


7 


6 


5 






2 


1 








2 





































3 


























i 











4 



































W, X, Y correspond to registers. 

W, X, Y which are used to store memory addresses. 
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(c) No. of Digits: Indicates arguments' digit length. 
Example : 



Arguments : 








digit 


4 bits 


Contents 


Storage 


No. of 




Loca- 


Digits 




tion 




Entry Display Upper 


B 


1 


data 






(ASCII Lower 


A 


1 


code) 






Re- 






turns 









CHANGES IN CPU REGISTERS AND FLAGS: Describes changes in CPU 
registers after execution of a program module as well as flag 
changes in CA and ST. 

Symbols and abbreviations used here are as follows: 



(a) CPU registers 

A: Accumulator 

W: W register 

X: X register 

SPX: SPX register 



B: B register 

Y: Y register 
SPY: SPY register 



(b) Flags 

CA: Carry ST: Status 

(c) Status of CPU registers and flags after execution of the 
program module: 

Not Affected: Previous contents are retained after executing 
the program module. 
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Undefined: Previous contents are destroyed after executing 
the program module. 

Result: A result is stored after executing the program module. 

Example: 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 



Note: In the example shown, the contents of the 
Accumulator, B register and Y register are 
destroyed upon executing the program 
module. Thus, whenever necessary, 
registers which will be destroyed should 
be saved before executing a program. 



CA 



ST 



• : Not Affected 
X : Undefined 
t : Result 



(7) SPECIFICATIONS: Describes program operation specifications. 

(a) ROM (Words) : Indicates amount of ROM used by the program. 
1 word consists of 10 bits. 



(b) RAM (Digits) : 



Indicates amount of RAM used by the program. 
1 digit consists of 4 bits. 
(This value does not include memory needed 
for the stack. ) 



(c) Stack (Digits) : Indicates amount of RAM used by the stack in 
the program. This memory must be reserved 
when the program is executed. 
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(d) No. of cycles: Indicates the maximum number of machine cycles. 

Calculate the execution time required for 
program execution as follows: 

Execution time (sec) = Number of cycles x 
cycle time 

Cycle time (sec) = 8/External oscillator 
frequency (Hz) 

Note: BRS instruction is regarded as 1 cycle. 

(e) Reentrant: Indicates whether a program has a structure 

which can be called from two or more routines 
at the same time. 

(f) Relocatable: Indicates whether a program can be located in 

any memory space. 

(g) Interrupt OK?: Indicates whether MCU can continue a program 

normally after serving an interrupt routine. 
If cannot ("No"), inhibit interrupt before 
the program is called. 

Example : 



Specifications: 




1 word = 10 


bits 


ROM (Words) : 


13 


RAM (Digits) : 





Stack (Digits) : 





No. of cycles: 


29 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


No 



HITACHI 19 



(8) SPECIFICATIONS NOTES: Explanatory notes for items listed in (7) 
SPECIFICATIONS. 



Example : 



Specifications Notes: 



5.2 Description 

r — — - — -I 

The Description Part is shown in figure 4. (| J: blocked off area in 

figure 4). This part explains function details, user notes, RAM alloca- 
tion, sample application and basic operation. Each numbered item in the 
figure is described below. 



/(I) 



.(3) 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Changes In CPU 
Registers and Flags 



I I I 

r r I 

SPX SPY 

I I I 



(4) 

^ Y Description; 

I i. function OetaUs., (a) 



RAM (Digits): 

Reentrant: 
Relocatable: 



Deicription: 



..user Notes ^ (fa) 

3. RAM Allocation ^ (C ) 

4. Sample Application ^ (d) 



. Basic Operation ^ ^ g ^ 



Figure 4. Description Part 
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(1) 

(2) 
(3) 



PROGRAM MODULE NAME 

MCU 

LABEL 



Same as "5.1 Specification" 



(4) DESCRIPTION: Describes function details, user notes, RAM alloca- 
tion, sample application and basic operation of the 
program module. 



(a) Function Details: Describes detailed functions of the program 

module referring to the execution example. 

Example : 



Description; 
1. Function Details 

(1) Argument details 

A: Stores the lower 4 bits of the 

ASCII code of the graphic display. 

B: Stores the upper 4 bits of the 

ASCII code of the graphic display. 



(T) Entry 

arguments 



@ Results 
Fig. 14.7, 



ASCII code I 
CC $43) \ 

Liquid crystal 



Example of LCDDSP 
Execution 



(b) User Notes: Describes notes and limitations when executing 
the program module. 

*Be sure to read these items when using program 
modules without modification. 

Example: 



2. User Notes 



(1) Resets LCD-II. 

(2) Initializes LCD-II display mode. 

(3) Stores entry arguments. 
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(c) RAM Allocation: Describes labels and contents of RAM used in 
program module. 

Example: 



3. RAM Allocation 

R7VM is not used by program module LCDDSP. 



(d) Sample Application: Shows a sample application for actual 

execution of the program. 



Note: Initializing stack pointer is not shown in this part. 
Example : 



4. Sample Application 



C A L L 
CALL 



LCDIIES 
LCDINT 



• Execute LCDRES and reset LCD- II 

• Execute LCDINT arid initialize LCD-II 
display mode 



(e) Basic Operation: Explains how a program module is executed. 
Example: 



5. Basic Operation 

(1) Checks LCD-II busy flag. 

(2) Controls signals RS, R/W and E by software through port D and outputs 
display data. 
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5 . 3 Flowchart 

The Flowchart Part is shown in figure 5. This part gives the program 
module flowchart. 

Example : 



Program Module Name; 

Display on LCD 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; LCDDSP 



^ L C I) 1) S P ^ 



I), 



Save display data due to use of Accumulator 
in subroutine LCDBSY 



Execute LCDBSY and check busy flag 
Restore display data 

To write display data, set RS signal high 
Set R/W signal low 
Set E signal low 
Set E signal high 

Output display data to LCD- II 

Set E signal low 



Q \\ T N ^ 



Figure 5. Flowchart Part 
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4th Section (Subroutine) 

The Subroutine Section is shown in figure 6. Each numbered item is 
described as follows. 



(1) 



Subroutine Name; 



( 4 )-— ►Function ; 



( 5 ) »>Basic Operation: 



(2) 



(3) 



(6)- 



(7)- 



►Program Module Using This Subroutine: 



-Flowchart : 
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Figure 6. Subroutine Section 



(1) SUBROUTINE NAME: 



Example : 



Subroutine Name; Busy Check 



(2) MCU: Indicates microcomputer or microprocessor applicable to the 
subroutine . 

Example : 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



(3) LABEL: Indicates the name identifying subroutine entry point. 

When using the subroutine without modification, use this label 
to call the subroutine. 

Example : 



Label; LCDBSY 



(4) FUNCTION: Describes subroutine function. 
Example : 

Function; Checks if LCD-II is busy and waits for ready state. 
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(5) BASIC OPERATION: Explains how a subroutine is executed. 
Example : 

Basic Operation: (1) Since, while LCD-II is in operation, it will not allow 
access from microcomputers, checks must be made on the 
LCD-II busy flag. 

(2) Control of signals RS, R/W and E through port D is 
performed by software together with busy flag check. 

(6) PROGRAM MODULE USING THIS SUBROUTINE: Lists program modules using 

the subroutine. 

Example : 

Program Module Using This Subroutine; LCDDSP, LCDINT, LCDRES 
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(7) FLOWCHART: Gives subroutine flowchart. 
Example: 



Flowchart : 



L C D B S Y ^ 



L C 1) B S Y 



1 -> I) , 



-> I ) 2 



L C D B Y 1 



$ F->R 5 



1 1) 2 



Rotate R5 
1 bit left 



Test C A 



D 2 



CA= 1 




Set RS signal low 

Set R/W signal at high to enable reading 
of busy flag 

Set E signal Low. 

Initialize port R5 to entry port 

Set E signal high 



Read busy flag and test busy flag when 
set at highest bit 



Set signal low 

Test if busy flag check complete 
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7. 



5th Section (Program Listing) 

The Program Listing Section explains RAM allocation and CPU register alloca- 
tion, and gives program module and subroutine listings. 



(1) RAM Allocation: RAM used in program modules or subroutines is 
allocated as shown below. 

Example: 

00003 * 

00004 RAM ALLOCATION )»<*)K**)K>KJK>K*******)«c**>k****>KJK>K***********>(<* 

00005 * 

00006 LSOUR EQU $020 WORK AREA FOR ACCA 

00007 HSOUR EOU $021 WORK AREA FOR B REGISTER 



(a) The title "RAM ALLOCATION" is followed by the actual RAM 
allocation used. 

(b) RAM label. 

(2) Vector Address: Describes vector address allocation. 



Example: 



00008 










)t( )(c >t( >|( « >K )«<>«( >K )<<>*( >l< >*< )k >K )t( >K >k >K >K >K >|( )t<>l<>k XcXoK »( )K )K >t( 


00009 








>K 








00010 












VECTOR ADDRESSES 




00011 
















00012 








>K >K Ik « )K )(< >K >k « >K >K )K )K )k >*( >K >K >K >k )k « >K )«( >K >t( )K « )K >K )K )K )K )k >k >k >K >K >K )K )«( >K >K )k « 


00013 








* 








00014 










ORG 


$0000 




00015 








* 








00016 


150 


040 


0000 




JMPL 


LCDMN 


RESET 


00017 


150 


040 


0002 




JMPL 


LCDMN 


INTO 


00018 


150 


040 


0004 




JMPL 


LCDMN 


INTl 


00019 


150 


040 


0006 




JMPL 


LCDMN 


TIMER A 


00020 


150 


040 


0008 




JMPL 


LCDMN 


TIMER B 


00021 
















00022 










ORG 


$000C 




00023 
















00024 


150 


040 


OOOC 




JMPL 


LCDMN 


SERIAL 



(a) The title is always "VECTOR ADDRESSES". 

(b) Indicates the end of a program. 
This can be moved, if necessary. 
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(3) Main Program: Gives main program listing of a sample application. 



Example : 



00025 












( )k )K )t( >K )t< )k >(( )K * )K >K >K )K >k « >K )«( « )k « )f 4c « » )K >k )(( >k » )t( )K )t( >K « >K )K >K >«( )K >K )t( « )t( « 


00026 














* 


00027 








>K 




MAIN PROGRAM : 


: LCDMN * 


00028 














* 


00029 








W 4c « )k « )k )t( >k )k 4( )K )k « 3«( )K « )tc >K )K )k )«< )k « )k >t( W >K >tc >K )t< >K )k « « 


00030 
















00031 










ORG 


$0040 




00032 
















00033 


OFO 




0040 


LCDMN 


LWI 


$0 




00034 


160 


064 


0041 




CALL 


LCDRES 


RESET LCD-II 


00035 


160 


07E 


0043 




CALL 


LCDINT 


INITIALT7F LCD-TT 


00036 


230 




0045 




LAI 


$0 


LOAD DATA TABLE STARTING ADDR INTO 


00037 


200 




0046 




LBI 


$0 


LOAD DATA TABLE STARTING ADDR INTO 


00038 


194 


020 


0047 


LCDMNl 


LMAD 


LSOUR 


y LSOUR 


00039 


048 




0049 




LAB 






00040 


194 


021 


004A 




LMAD 


HSOUR 


B REGISTER > HSOUR 


00041 


190 


020 


004C 




LAMO 


LSOUR 


LSOUR > ACCA 


00042 


1B2 




004E 




p 


$2 


MOVE DISPLAY TO ACCA & B REGISTER 


00043 


008 




004F 




LYA 






00044 


2B0 




0050 




ALEI 


$0 


TEST IF ACCA=0 


00045 


048 




0051 




LAB 






00046 


354 




0052 




BR 


LCDMN2 


IF 0. BRANCH TO LCDMN2 


00047 


356 




0053 




BR 


LCDMN3 


IF NOT 0. BRANCH TO LCDMN3 


00048 


2B0 




0054 


LCDMN2 


ALEI 


$0 


TEST IF B REGISTER=0 


00049 


363 




0055 




BR 


PEND 


IF 0, BRANCH TO PEND 


00050 


OAF 




0056 


LCDMN3 


LAY 






00051 


160 


090 


0057 




CALL 


LCDDSP 


DISPLAY FIGURE ON LCD-II 


00052 


190 


021 


0059 




LAMO 


HSOUR 


HSOUR — > B REGISTER 


00053 


0C8 




005B 




LBA 






00054 


190 


020 


005C 




LAMD 


LSOUR 


LSOUR — > ACCA 


00055 


281 




005E 




AI 


$1 


ACCA + $1 — > ACCA 


00056 


361 




005F 




BR 


LCDMN4 


BRANCH IF ACCA =$F 


00057 


347 




0060 




BR 


LCDMNl 




00058 


04C 




0061 


LCDMN4 


IB 




INCREMENT B REGISTER 


00059 


347 




0062 




BR 


LCDMNl 


LOOP UNTIL B REGISTER « $F 



(a) The title is always "MAIN PROGRAM". Label after color shows 
entry point label. 

(b) Entry point label. 



(4) Program Module: Gives program module listing of a sample application. 



Example : 



00060 


363 


0063 


PEND 


BR 


PEND 


00061 






)k « >K » )k )k lie « >K >k >K )k « w >k « >k )k >K )|( )K )<( « )k )k )K )K « )k )k 3t( » )k >k » « >K )«( >k >«( « « >K >t( « 


00062 










* 


00063 






* 


NAME : 


LCDRES (RESET LCD-II) * 


00064 












00065 






« >k >K )K >k )k « « « )k >k >k « « « « >K )K >k » )K )K A )K « )t( )(( >k )k )k « » >k >k )k )k )k >k >K » )t( >K )K » « 


00066 










* 


00067 








ENTRY : 


NOTHING * 


00068 






* RETURNS : 


NOTHING * 


00069 










* 


00070 






» )fc * >K )|e >k >K )K sk « « >K >k )t( « )K )k )k )K SK « « )k )k >k « )k )k )t( )t( >K « >k )k « « )k « )k )k )(( >tc >k )K 


00071 


202 


0064 


LCDRES 


LBI 


$2 INITIALIZE LOOP COUNTER 


00072 


239 


0065 


LCORSl 


LAI 


$9 EXECUTE 15MS SOFTWARE TIMER 


00073 


21F 


0066 


LCDRS2 


LYI 


$F 


00074 


002 


0067 


LC0RS3 


XSPY 




00075 


21F 


0068 




LYI 


$F 


00076 


000 


0069 


LCDRS4 


NOP 





(a) Program module title is always followed by the entry point label 
in parenthesis and description of entry and return arguments. 

(b) Entry point label. 



HITACHI 29 



(5) Subroutine: 



Gives subroutine listing. 



Example : 



00145 


010 


009C 




RTN 




00146 






)tc « )K ««« )K » )K >K >k >K » )K )K W >k « )t( )K )K )k >K )K >k )k )k )k « >k « 


00147 












00148 








NAME 


: LCDBSY (CHECK BUSY FLAG) * 


00149 






* 






00150 






)tc >K >K >*( )<( )K >k >K )|( )K >K >K )K )K >K >k )K » » )k >K >K >K * « )k « >K )k >k )k )K )tc )K « )(( )K )k >«( )t( )t( >k >K ^ 


00151 


260 


0090 


LCDBSY 


REDD 


$0 RS=0 


00152 


2E1 


009E 




SEDD 


$1 R/W=l 


00153 


262 


009F 




REDD 


$2 E=0 


00154 


23F 


OOAO 


LCDBYl 


LAI 


$F SELECT R PORT AS INPUT 


00155 


205 


00 A 1 




LRA 


$5 


00156 


2E2 


00 A2 




SEDD 


$2 E=l 


00157 


255 


00A3 




LAR 


$5 READ BUSY FLAG 


00158 


OAl 


00A4 




ROTL 






(a) 


Subroutine 


title 


is followed by the entry point label in 



parenthesis. 



(b) Entry point label. 

(6) Data Table: Describes data table used in the main program, program 
modules and subroutines. 



Example : 



00159 06F 00A5 TC TEST CARRY 

00160 262 00A6 REDD $2 E=0 

00161 3A0 00A7 BR LCDBYl LOOP UNTIL BUSY FLA6=0 

00162 010 00A8 RTN 

00164 * 

00165 * DATA TABLE 

00166 ^ 

00 167 )kH(>K>K>k>k)k)ic)K>t()K>K>k>K)K)K>K>K>(()K)K)K3<()<()k>K)k)K>K>k>K>K>K>K)K>K>t(>K)t()K)K)K>K)K^ 



00168 












00169 








ORG 


$0100 


00170 












00171 


IOC 


0100 


$00 


DC 


$10C 


00172 


118 


0101 


$01 


DC 


$118 


00173 


191 


0102 


$02 


DC 


$191 


00174 


107 


0103 


$03 


DC 


$107 


00175 


101 


0104 


$04 


DC 


$101 


00176 


108 


0105 


$05 


DC 


$108 


00177 












00178 








ORG 


$0200 


00179 






* 






00180 


143 


0200 


$00 


DC 


$143 


00181 


14D 


0201 


$01 


DC 


$14D 


00182 


14F 


0202 


$02 


DC 


$14F 


00183 


153 


0203 


$03 


DC 


$153 


00184 


120 


0204 


$04 


DC 


$120 


00185 


14D 


0205 


$05 


DC 


$14D 


00186 


143 


0206 


$06 


DC 


$143 


00187 


155 


0207 


$07 


DC 


$155 


00188 


120 


0208 


$08 


DC 


$120 


00189 


148 


0209 


$09 


DC 


$148 


00190 


14D 


020A 


$0A 


DC 


$14D 


00191 


143 


020B 


$0B 


DC 


$143 


00192 


153 


020C 


$0C 


DC 


$153 


00193 


134 


020D 


$0D 


DC 


$134 


00194 


130 


020E 


$0E 


DC 


$130 


00195 


130 


020F 


$0F 


DC 


$130 


00196 


100 


0210 


$10 


DC 


$100 


00197 












00198 








END 





(a) The title is always "DATA TABLE". 



(b) Data table label. 
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8. Program Module Execution 

The programs in APPLICATION NOTE have been written considering efficiency 
and portability. The following shows how to execute these programs and 
how to modify them according to user requirements. 

The procedure for calling programs in APPLICATION NOTE from user programs 
is shown in figure 7. All programs in APPLICATION NOTE are written as 
subroutines and should be called as shown. An example of a user program in 
which a program in APPLICATION NOTE is called as a subroutine is shown in 
figure 8. 



USER PROGRAM 



(1) 



Initialize 

before 

execution 



(2) 



Save necessary 
registers 



(3) 



(4) 



(5) 



(6) 



Hold entry 
arguments 



JSR L2HDST 



Call 

subroutine 



Process 
results 



Restore 
necessary 
registers 



Program Module 




L2HDST 



) 







Display Dot 







RTS 



3 



Figure 7. Procedure for Calling Program Module in 
APPLICATION NOTE 
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USER Program 
I 



LDAA 


#$00 


STAA 


PI DTK 


STAA 


P3DTR 


LDAA 


#$01 


STAA 


P3DDR 


JSR 


L2HINT 



-Initializes before executing program module 



LDAA 


#$0F 






STAA 


DOTSET 






LDAA 
STAA 


#$08 
DTX 


Holds 


entry arguments 


LDAA 


#$02 






STAA 


DTY 






JSR 


L2HDST 


Calls 


program module 




1 
1 








Figure i 


3. Example of 


How to Execute a 



Explanation of figure 7. 



(1) Initialize 

Examples of items requiring initialization are input/output ports, 
control registers and counters used by the program module. Refer to 
Program Module Sample Application for data details. 

(2) Save registers 

The program modules use CPU registers for arithmetic operations 
destroying the original contents. Thus register contents should be 
saved if needed. Refer to the "CHANGES OF CPU REGISTERS AND FLAGS" 
column in "SPECIFICATIONS" (Part 1 in the 3rd SECT ION- PROGRAM MODULE 
DESCRIPTION) for register status after a program module is executed. 



(3) Hold entry arguments 

Holds entry arguments in CPU registers or memory before calling a 
program module in the user program. Refer to "ARGUMENTS" in 
SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 

(4) Call subroutine 
Program module is called. 
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(5) Process result 

After a program module is executed, the results returned in the return 
arguments must be processed as required. Refer to "ARGUMENTS" in 
SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) for details. 

(6) Restore necessary registers 

Registers saved in (2) should be restored here. Note that when a 
program module is used as a subroutine, the stack area shown in 
SPECIFICATIONS (Format 1 in 3RD SECTION - Program Module) is necessary 
in addition to the stack area required by the subroutine calls in the 
user program. When any subroutine is called, this stack area must be 
reserved. 
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SYSTEM APPLICATION EXAMPLES 



SECTION 1. ZERO CROSS 



1.1 HARDWARE DESCRIPTION 

1.1.1 Function 

Measures the input AC power frequency (50 Hz, 60 Hz) by transforming 
the single phase 100 VAC wave configuration into a pulse wave con- 
figuration having the same frequency. 

1.1.2 Microcomputer Operation 

Tests input at port D3 from the pulse conversion circuit and turns on 
LED corresponding to 50 Hz or 60 Hz using ports Dq and D^; this 
measurement is performed only once after system reset. 

1.1.3 Peripheral Devices 



1.1.4 Circuit Diagram 



MCU 
HMCS404C 
/HMCS402C\ 
\HMCS408C/ 



100kJ^< 



-1S2076 

HD74HC14 



o < 10pF± 



22pF 



HI— ^ 

4MHz CD iMfi 

-II T 



4.7 kJ2 



HZ5C1 



AC 
lOOV 



I 12V ^ 




HA17741 



22pE^ 



HD74HC 
14 



I 



1^ 



TEST 




vcc 




RESET 




OSCi 


Do 


OSC2 


Dl 


GND 


D3 





I 



+5V 



54 



55 




HD7405 yrT/ 320^ 
LEDl 



HD7405 // 32o<;^ 



LED2 



Fig. 1.1. Measurement of AC Frequency 
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1.1.5 Pin Functions 

Pin function for connecting interface of HMCS404C and pulse conver- 
sion circuit are shown in Table 1.1. 

Table 1.1. Pin Function 



Pin Name 
(HMCS404C) 


Input/ 
Output 


Active Level 
(High or Low) 


Function 


Program 
Label 


D3 


Input 


Low 


AC Pulse 
Signal Input 


P0RTD3 


Do 


Output 


High 


Measurement Result 
(60 Hz) Output 




Dl 


Output 


High 


Measurement Result 
(50 Hz) Output 





1.1.6 Hardware Operation 



V 




Pulse 

Conversion 



Circuit t 
Output 



Fig. 1.2. Timing Chart for AC and Pulse Conversion Circuit Output 
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1.2 SOFTWARE DESCRIPTION 



1.2.1 Program Module Configuration 

Fig. 1.3 shows the program modules for measuring AC frequency. 



FRQMN 

Main | 
Program 



FRQCNT 



Measure 


1 


Power 




Frequency 



Fig. 1.3. Program Module Configuration 

1.2.2 Program Module Functions 

Program module functions are summarized in Table 1.2. 

Table 1.2. Program Module Functions 

No. Program Module Name Label Function 







Main Program 



FRQMN Main program which measures AC 

power frequency and turns on LED 
corresponding to the above 
frequency 



Measure Power 
Frequency 



FRQCNT Measures AC power frequency and 

stores the 50 Hz, 60 Hz frequency 
results into RAM 
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1.2.3 Program Module Process Flow (Main Program) 

Fig. 1.4 shows an example of measuring AC power frequency by using the 
modules shown in Fig. 1.3. 



FRQNfli 



C frqmn) 



$ w 



F RQCNT 



F REQ 



- D (Y) 



CUE) 



Main Program 



--[ 
[ 



Initialize W register 

Execute FRQCNT and store the measurement 
results of AC power frequency in FREQ(RAM) 



Turn on LED corresponding to 50 Hz, 50 Hz 



Fig. 1.4. Program Module Application Example 
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1.3 Program Module Description 



Program Module Name; 
Measure Power Frequency 



MCU : HMCS402C/ 

HMC S4 04C/HMC S4 08C 



Label; 



FRQCNT 



Function; 



Tests whether pulse frequency as inputted from port D3 is 
50 Hz or 60 Hz. 



Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Frequency 
measurement 
result 



FREQ 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


X 


w 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications ; 

1 word = 10 bits 
ROM (Words) : 32 
RAM (Digits) : 2 
Stack (Digits) : 
No. of cycles; 4640 
Reentrant; No 
Relocatable; No 
Interrupt OK?; No 



Description; 
1. Function Details 

(1) Argument details 

FREQ (RAM): Contain flag indicating 
result of frequency 
measurement. 
Table 1.3 shows flag 
functions. 



50Hz 



® Input I [ 



(2) Return 
argument 



b3 FREQ bO 



FREQ(RAM) 



Fig. 1.5. Example of FRQCNT Execution 



Specifications Notes; 
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Program Module Name: 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label; 


Measure Power Frequency 


FRQCNT 













Description: 



Table 1.3. Flag Functions 

Label RAM $021 Function 

Indicates that frequency is 60 Hz 
FREQ Z - 

1 Indicates that frequency is 50 Hz 

(2) Fig. 1.5 shows an example of program module FRQCNT execution. If power 
• supply of 50 Hz is measured as shown in part (J) of Fig. 1.5, result is 

contained in FREQ (RAM) as shown in part (|) of Fig. 1.5. 

(3) Program module FRQCNT calls subroutines shown in Table 1.4. 
Table 1.4. Subroutines Called in FRQCNT 

Subroutine Name Label Function 

Delay 9.2 ms DLY920 Executes 9.2 ms software timer 

2. Users Notes 

Due to frequency being measured by software timer, uses oscillator 
frequency of 4 MHz. 



3. RAM Allocation 





F 


E 


DIG 


B 


A 


9 


8 


7 


6 i 5 


4 


T"" r ! 

3 j 2 [ 1 [ 


2 






1 __ 












1 

L 1 








3 












- — 
















4. 




- — 


—[- 




















L 


5 




























6 






1 
1 










_L 




— 4--^ 







Fig. 1.6. RAM Allocation 



Label 



FREQ 



SBFREQ 



RAM 
b3 bO 



MD($021) 
b3 bO 



Description 
Stores the results of frequency measurement 

Stores first measurement results 



MD($022) 
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Program Module Namet 
Measure Power Frequency 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



FRQCNT 



Description; 
4. Sample Application 



CALL FRECNT 



Call subroutine FRECNT 



LAMD FREQ 

LYA 

SED 



Turn on LED corresponding to FREQ (RAM) 
measurement results 



5. Basic Operation 

I 

/ 

50Hz 



60 Hz 



I 9.2 ms software timer 

d) ® 

Fig. 1.7. Frequency Measurement Outline 

(1) Using port D3, the falling edge of the pulse is tested (Fig. 1.7. @ ). 

(2) After testing the falling edge of the pulse, calls subroutine DLY920 
for executing 9.2 ms software timer. 

(3) After executing software timer, tests condition of port D3. 

(4) Stores 1 in FREQ (RAM) when condition of port D3 (Fig. 1.7. (B) ) is low. 

(5) Nothing is to be stored in FREQ (RAM) when condition of port D3 
(Fig. 1.7. (B) ) is high. 

(6) Performs tests (1) through (5) twice, and when results agree, the 
frequency measurement is completed. 



HITACHI 43 



Program Module Name; 
Measure Power Frequency 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






FRQCNT 



Flowchart; 



RQCNT^ 




Load $1 in Y register for use as a counter 



E Clear SBFREQ(RAM) as frequency result 
comparisons 

Save Y register before use by subroutine 
DLY920 

r Clear FREQ(RAM) as frequency result 
comparisons 



Conduct loops until port D3 is high 



Conduct loops until port D3 is low 



Execute 9.2 ms software timer 



Store 1 in FREQ(RAM) when condition of port D3 
is low 



Restore the counter 



Decrement the counter 
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Program Module Name: 




MCU: HMCS402C/ 




Label: 


Measure Power Frequency 




HMCS404C/HMCS408C 




FRQCNT 









Flowchart: 




If Y^F, execute 2nd measurement. 
If Y = F, compare measurement results of 



-[ 



the 1st and 2nd times 

Load 2nd measurement results into the 
accumulator 

■ Compare results of 1st and 2nd measurements. 
If measurement results are equal, measure- 
ment is completed 

If not equal , start measurement again from 
_ the beginning 



FRQCT5 



F RE 








A->SBFREQ 



Store results of 1st measurement into 
SBFREQ(RAM) 
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1.4 Subroutine Description 



Subroutine Name: 




MCU: HMCS402C/ 




Label: 


Delay 9.2 ms 




HMCS404C/HMCS408C 




DLY920 









Function: 

9.2 ms software timer. 



Basic Operation: 



Executes after falling edge of port D3 signal after which status of 
port D3 is tested. 



Flowchart: FRQCNT 



DLY920 
DLYl 



L Y 9 2 ^ 



DLY2 



DLY3 



$ 



I Y-H->Y 



NOP 




NOP 



NOP 



B^O 




B=0 



NOP 



NOP 



A + S F -*A 



A^O 




A=0 



^ R T N ^ 



Execute 9.2 ms software timer 
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1 . 5 PROGRAM LISTING 



ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 LLEN 132 

00002 TITLE ZERO CROSS 

00003 * 

00004 **** RAM ALLOCATION >K>K******>K***>K)k))<*))<*>K>)<>(<>K>(<>K>(<>K>K)K>K**)K***>)<*>K*>K 

00005 * 

00006 FREQ EQU $020 FREQUENCY RESULT 

00007 SBFREQ EQU $021 SUB FREQUENCY RESULT 

00008 >t< 

00009 **** SYMBOL DEFINITIONS >K>K*)K***>X>K>«)K>K>X>K>KX<*>t<)K*H<***>«>K>K)K*)K>K*>K>K>K* 

00010 * 

00011 P0RTD3 EQU $3 INPUT POWER PULSE SIGNAL 

00013 * * 

00014 * VECTOR ADDRESSES * 

00015 * * 

00017 * 

00018 ORG $0000 

00019 ^ 

00020 150 010 0000 JMPL FRQMN RESET 

00021 150 010 0002 JMPL FRQMN INTO 

00022 150 010 0004 JMPL FRQMN INTl 

00023 150 010 0006 JMPL FRQMN TIMER-A 

00024 150 010 0008 JMPL FRQMN TIMER-B 

00025 ORG $000C 

00026 150 010 OOOC JMPL FRQMN SERIAL 

00028 * * 

00029 * MAIN PROGRAM : FRQMN * 

00030 * * 

00032 * 

00033 ORG $0010 

00034 * 

00035 OFO 0010 FRQMN LWI $0 INITIALIZE W REGISTER 

00036 160 018 0011 CALL FRQCNT MEASURE POWER FREQUENCY 

00037 270 0013 LAMP $0 LOAD FREQUENCY RESULT INTO ACCUMULATOR 

00038 0D8 0014 LYA LOAD ACCUMULATOR INTO Y REGISTER 

00039 064 0015 RED TURN ON LED 

00040 150 016 0016 PEND JMPL PEND END OF PROGRAM 

00042 * * 

00043 * NAME : FRQCNT (MEASURE POWER FREQUENCY) * 

00044 * * 

00046 * ^ 

00047 * ENTRY : NOTHING * 

00048 * RETURNS : FREQ (50HZ=1.60HZ=0) * 

00049 * * 

00051 211 0018 FRQCNT LYI 1 INITIALIZE COUNTER 

00052 lAO 021 0019 LMID 0, SBFREQ CLEAR SUBFREQUENCY RESULT 

00053 002 OOIB FRQCTl XSPY 

00054 lAO 020 OOlC LMID O.FREQ CLEAR FREQUENCY RESULT 

00055 2A3 OOIE FRQCT2 TDD P0RTD3 LOOP UNTIL PORT D3 IS HIGH 

00056 321 OOIF BR FRQCT3 

00057 31E 0020 BR FRQCT2 
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00058 


2A3 




0021 


FRQCT3 


TDD 


P0RTD3 


LOOP UNTIL PORT D3 IS LOW 


00059 


321 




0022 




BR 


FRQCT3 




00060 


160 


038 


0023 




CALL 


DLY920 




00061 


2A3 




0025 




TDD 


P0RTD3 


TEST PORT D3 


00062 


329 




0026 




BR 


FRQCT4 




00063 


lAl 


020 


0027 




LMID 


1 , FREQ 


SET 50H2 FLAG 


00064 


002 




0029 


FRQCT4 


XSPY 






00065 


OOF 




002A 




DY 




DECREMENT 


00066 


332 




0028 




6r 


FR0CT5 




00067 


190 


020 


002C 




LAMD 


FREO 


COMRARE FREQ WITH SBFREO 


00068 


104 


021 


002E 




ANEMD 


SBFREO 




00069 


318 




0030 




BR 


FRQCNT 


IF NOT EQUAL. BRANCH TO Ff 


00070 


010 




0031 




RTN 






00071 


190 


020 


0032 


FRQCT5 


LAMD 


FREQ 


STORE FREO IN SBFRO 


00072 


194 


021 


0034 




LMAD 


SBFREQ 




00073 


150 


018 


0036 




JMPL 


FRQCTl 




00074 










00075 
















00076 










NAME : 


DLY920 (DELAY 


9.2MSEC) 


00077 
















00078 












00079 


237 




0038 


DLY920 


LAI 


7 


EXECUTE 9.2MSEC SOFTWARE ' 


00080 


208 




0039 


DLYl 


LBI 


8 




00081 


210 




003A 


DLY2 


LYI 







00082 


05C 




0038 


DLY3 


lY 






00083 


000 




003C 




NOP 






00084 


000 




003D 




NOP 






00085 


338 




003E 




BR 


DLY3 




00086 


000 




003F 




NOP 






00087 


000 




0040 




NOP 






00088 


000 




0041 




NOP 






00089 


000 




0042 




NOP 






00090 


04C 




0043 




IB 






00091 


33A 




0044 




BR 


DLY2 




00092 


000 




0045 




NOP 






00093 


000 




0046 




NOP 






00094 


28F 




0047 




AI 


15 




00095 


339 




0048 




BR 


DLYl 




00096 


010 




0049 




RTN 






00097 
















00098 










END 
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SECTION 2. A/D CONVERSION 



2.1 HARDWARE DESCRIPTION 

2.1.1 Function 

Performs analog to digital conversion in the range from to 5V by 
HMCS404C MCU control of a resistant ladder type D/A converter. 
Results of A/D conversion are expressed in BCD (Binary Coded Decimal). 

2.1.2 Microcomputer Operation 

Outputs data from $00 - $FF from ports R7 and R8 to control resistant 
ladder type DA converter, and then compares analogue output (V^ef) 
and input (Vin) voltages of the D/A converter and inputs results into 
port DO. 

2.1.3 Peripheral Devices 



2.1.4 Circuit Diagram 



MCU 
IIMC S 4. 4 C 
'11MCS4.02C\ 
^IIMCS408 C^ 



50 



100kf2< 



1 



32 



1S2076 

HD74HC14 
-^X) ^>o P<y- 

22pF 



51 



r— 

4MHz CD iMf^ 

X r52 



HI— 

22pF 



53 







TEST 






Do 


vcc 


Il83 




Us 2 


RESET 






R«i 


OSCi 








OSC2 




GND 






R71 




R70 



-fsv 



54 ] 13 ^ ^X+l O Vin 

Vout*\4-^ 1 VnEF 



HAl 7 9 1 



J ^ — wv > 

4kJ2 i 




Fig. 2.1. A/D. Denver sion Circuit 
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2.1.5 Pin Functions 



Pin functions for A/D conversion are shown in Table 2.1. 



Table 2.1. Pin Functions 

Pin Name Input/ Active Level 

(HMCS404C) Output (High or Low) Function 

^0 Input - Inputs comparator Vout output 

R70 Output 

R7I Output 

R72 Output 

^73 Output - Changes digital output in the 

"T" I - range from $FF - $00 

^80 Output - ^ 

^81 Output 

^82 Output 

^83 Output 
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2.1.6 Hardware Operation 

Fig. 2.2 shows timing chart of comparator Vini '^ref ^^i^ ^out when 
3.4 V has been inputted in Vin- 




2.5V 




+ 5V 



Conversion End 



Fig. 2.2. A/D Conversion Timing Chart 
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2.2 SOFTWARE DESCRIPTION 



2.2.1 Program Module Configuration 

The program module configuration to conduct A/D conversion is shown 
in Fig. 2.3. 



ADCNV 



ADMN 



Main Program 



HEX 



A/D 

Conversion 



Convert 
Hexadecimal 
into BCD 



Fig. 2.3. Program Module Configuration 

2.2.2 Program Module Functions 

Program module functions are summarized in Table 2.2. 



Table 2.2. Program Module Functions 



No. Program Module Name Label Function 



Main Program ADMN Main program which calculates value of 

A/D conversion into 3 decimal digits 



A/D Conversion 



ADCNV Conducts A/D conversion 



Convert Hexadecimal HEX 
into BCD 



Converts 2 hexadecimal bytes into 5 
decimal digits. For details, refer to 
HMCS400 Series Application Note 
(Software Edition) on Software HEX 
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2.2.3 Program Module Process Flow (Main Program) 

Fig. 2.4 shows an example of executing A/D conversion using the modules 
shown in Fig. 2.3. Execution of the main program in Fig. 2.4 determines 
the value of A/D conversion in 3 decimal digits. 



^ A D M N ^ 



ADMN 



$ o-» w 








A D C N V 








$0-»MD($04D) 






$0-*MD( $04C) 






ADLH-MD($04B) 






ADL->MD($04A) 








HEX 





FEND 



CZZZ) 



Main Program 
Initialize W register 

Perform A/D conversion 



Store A/D conversion results in entry 
arguments of HEX 



Call HEX and convert A/D conversion 
value from 2 hexadecimal bytes to 5 
decimal digits. For details, refer to 
HMCS400 Series Application Note (Software 
Edition) on Software HEX 



Fig. 2.4. Example of Executing A/D Conversion 
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2.3 PROGRAM MODULE DESCRIPTION 



Program Module Name; 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



ADCNV 



Function: 



Controls op- amp and resistor ladder and performs A/D conversion. 



Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



A/D ADU (RAM) 1 

conversion ■ 
result 



ADL (RAM) 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


X 


X 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


X 



• : Not Affected 
X : Undefined 
t : Result 



Specifications: 

1 word = 10 bits 
ROM (Words) : 77 
RAM (Digits) : 2 
Stack (Digits) : 
No. of cycles: 88 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 
1. Function Details 

(1) Argument details 

ADU (RAM) , ADL (RAM) : Holds 2 hexadecimal 
digits of A/D conversion results. (J) 



(2) Fig. 2.5 shows an example of program 
If Vin is as shown in part (T) of Fig. 
2.5, A/D conversion results are stored 
in ADU (RAM) , ADL (RAM) as shown in part 
Q) of Fig. 2.5. 



® 



Entry 
arguments 

Return 
arguments 



Vin = 1.0 V 
b7 



ADU, ADL bO 



ADU, ADL 
(RAM) 



Fig. 2.5. 



Example of ADCNV 
Execution 



Specifications Notes: Number of cycles is the value when comparator Vin is V. 
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Program Module Name; 

A/D Conversion 



MCU ; HMCS402C/ 

HMC S4 04C/HMC S4 08C 



Label: 



ADCNV 



Description: 
2. User Notes 

Software timer is executed with due consideration for delays in HA17901. 



3. RAM Allocation 



2 

3 

4> 

5 

6 



1 ' 



Fig. 2.6. RAM Allocation 



Label 



RAM 



Description 



ADU 



ADL 



b3 bO 



MD ( $ 3 ) 



b3 bO 



MD($040) 



Stores A/D conversion output results 
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Program Module Name; 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






ADCNV 



Description: 
4. Sample Application 



WORKU 
WO RK L 



EQU 
EQU 



$ 3 
$ 4. 



CALL 



ADCNV 



L AMD 
LMAD 
LAMD 
LMAD 



ADU 
WORKU 
ADL 
WORKL 



Allocate RAM area to store 2 hexa- 
decimal digits of A/D conversion 
results 

Call subroutine ADCNV 

Store A/D conversion results in return 
arguments into user program RAM area 



5. Basic Operation 

(1) The binary search method used in A/D conversion is described below. 
As shown in Fig. 2.7, when searching for a certain number, the entire 
range of numbers is consecutively divided into 1/2, 1/4, 1/8, etc., 
each time performing a numerical comparison to determine which side of 
the division the searched for number must lie in. The maximum number 
of times (A) that this process must be performed is expressed by the 
formula log2 N = A. Binary search greatly speeds up the A/D conversion 
process. 



Number being sought 

/ 




Start (T) (2) @ specify order of search 



Fig. 2.7. Binary Search Method 
(2) Procedures are described below. 

(a) Use ADU (RAM), ADL (RAM) as outputting data buffer to ports R7 and R8. 

(b) Clear ADU (RAM) , ADL (RAM) beforehand. 
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Program Module Name: 

A/D Conversion 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: 

ADCNV 









Description: 



(c) In the order from the highest bit in ADU (RAM) , ADL(RAM) set 1 by the 
set memory bit (SEM instruction) and output ADU (RAM), ADL(RAM) data to 
ports R8 and R7. 

(d) Test whether Vout input from comparator is high or low every time 
there is an output from port R8 or R7. 

(e) If high, Vin > Vref; continue next output under same conditions. 
If low, Vin < Vref; conduct next output after clearing bits set in 
ADU (RAM) , ADL (RAM) . 



(3) Software timer is being executed with due consideration for delay time 
of the comparator. 
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Program Module Name; 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






ADCNV 



Flowchart; 



^ A D C N V ^ 




Initialize ports R7, R8, ADU (RAM) , 
ADL (RAM) 



Initialize memory address 



Set bit 3 of ADU (RAM) to 1 



Output ADU (RAM) data from port R8 



Execute software timer 



Test condition of port D(Y) 



Clear bit 3 of ADU (RAM) to 1 



Set bit 2 of ADU (RAM) to 1 



Output ADU (RAM) data from port RB 
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Program Module Name: 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






ADCNV 



Flowchart: 



A D N O P 



D(y)= 1 




M (2) 



ADCN2 



1 -> M (1) 



M -> R 8 



A D N O P 



D(y)= 1 




-> M(l) 



ADCN3 



1 -> M(0) 



M R { 



A D N P 



D(y)= 1 




IlTestlXv) 

D(y)= 






M(0) 






M -> 


R 8 



Execute 10 ys software timer 



Test condition of port D(Y) 



Clear bit 2 of ADU (RAM) 



Set bit 1 of ADU (RAM) to 1 



Output ADU (RAM) data from port R8 



Execute 10 ys software timer 



Test condition of port D(Y) 



Clear Bit 1 of ADU (RAM) 



Set bit of ADU (RAM) to 1 



Output ADU (RAM) data from port R8 



Execute 10 ys software timer 



Test condition of port D (Y) 



Clear bit of ADU (RAM) 



Output ADU (RAM) data from port R8 
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Program Module Name: 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



ADCNV 



Flowchart: 



ADCN4, 



$ 4— X 








1 -> M (3) 








M R 7 










A D N P 



D(y)= 1 



ADCN5 



D(y)= 1 




ADCN6 



1 — M (I) 



M R 7 



A D N O P 



Load $4 in X register 



Set 1 is ADL(RAM) bit 3 



Output ADL(RAM) data from port R7 



Execute 10 ys software timer 



Test condition of port D(Y) 



Clear bit 3 of ADL(RAM) 



Set bit 2 of ADL(RAM) to 1 



-- Output ADL(RAM) data from port R7 



Execute 10 \is software timer 



Test condition of port D(Y) 



Clear bit 2 of ADL (RAM) 



Set bit 1 of ADL (RAM) to 1 



Output ADL (RAM) data from port R7 



Execute 10 ys software timer 
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Program Module Name: 

A/D Conversion 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






ADCNV 



Flowchart; 



D(y)=1 



ADCN7 



D(y)= 1 




M{0) 



Test condition of port D (Y) 



Clear bit 1 of ADL(RAM) 



Set bit of ADL(RAM) 



Output ADL(RAM) data from port R7 



Execute 10 ]is software timer 



Test condition of port D (Y) 



Clear bit of ADL(RAM) 



ADCN8 



^ R T N ^ 



HITACHI 61 



2 . 4 SUBROUTINE DESCRIPTION 



Subroutine Name: 




MCU: HMCS402C/ 




Label : 


Software Timer 




HMCS404C/HMCS408C 




ADNOP 









Function: 

Executes 10 ys software timer by NOP instruction. 



Basic Operation: 



1. Executes software timer in consideration of delay time for comparator 
HA17901. 

2. Executes of NOP instruction (2 times) and RTN instruction resulting in 
execution of the 10 ys software timer. 



Flowchart : ADCNV 



^ ADNOP^ 



ADNOP 



NOP 



NOP 



10 ys software timer is executed 



^ RTN ^ 
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2 . 5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


010 




0000 




LLEN 


132 




00002 










TITLE 


AD CONVERSION 




00003 
















00004 










RAM ALLOCATION 3k sk 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k sk 3k* 


00005 
















00006 








ADU 


EOU 


$030 


UPPER A/D CONVERSION FLAG 


00007 








AOL 


EQU 


$040 


LOWER A/D CONVERSION FLAG 


00008 








XHEXD 


EOU 


$4 


HEXADECIMAL AND DECIMAL DATA ADDR(X) 


00009 








YHHEX 


EQU 


$A 


2-BYTE HEXADECIMAL DATA ADDR(Y) 


00010 








YHDEC 


EQU 


$2 


5-DIGIT BCD DATA LSD ADDR(Y) 


00011 








BAHEX 


EOU 


$E 


2-BYTE HEXADECIMAL DATA MSD ADDR(Y)+1 


00012 








BADEC 


EQU 


$7 


5-DIGIT BCD DATA MSD ADDR(Y>+1 


00013 








)k >K >t( >K )K >K >K >K >t( >k )k )K >K )k )k )K >t( >K >K >K >k >K >k >k )k )K )l( >K >K >K >t( )K >K >K >K >K >k >K >K >K >K )K )K >K )^ 


00014 














3k 


00015 








* 




VECTOR ADDRESSES 


* 


00016 














3K 


00017 










00018 








* 








00019 










ORG 


$0000 




00020 
















00021 


150 


010 


0000 




JMPL 


ADMN 


RESET 


00022 


150 


010 


0002 




JMPL 


ADMN 


INTO 


00023 


150 


010 


0004 




JMPL 


ADMN 


INTl 


00024 


150 


010 


0006 




JMPL 


ADMN 


TIMER-A 


00025 


150 


010 


0008 




JMPL 


ADMN 


TIMER-B 


00026 


000 




OOOA 




NOP 






00027 


000 




OOOB 




NOP 






00028 


150 


010 


OOOC 




JMPL 


ADMN 


SERIAL 


00029 








4( >k )k >K >k 3k >k 3k Ik 3k >tc >k >k 3t( )4( 3k )k >k >k >K >k >k )K )(< )K >K ]«< >K >K )tc >K >K >K >i< >«( >K >K >K >k >t< >k >K >^ 


00030 








>k 






3« 


00031 








3k 




MAIN PR06RAMN : ADMN * 


00032 














3k 


00033 








>k 3k 3k )k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k >k 3k )k >k 3k 3k 3k >k >k )k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k >K )k 3k >k 3k 3k 3k 3k >k 3k 3^ 


00034 








3k 








00035 










ORG 


$0010 




00036 








3k 








00037 


OFO 




0010 


ADMN 


LWI 


$0 


INITIALIZE W REGISTER 


00038 


160 


022 


0011 




CALL 


ADCNV 


A/D CONVERTION 


00039 


lAO 


040 


0013 




LMID 


$0.$04D 


LOAD RESULT INTO HEX ENTRY ARGUMENT 


00040 


lAO 


04C 


0015 




LMID 


$0.$04C 




00041 


190 


030 


0017 




LAMD 


ADU 




00042 


194 


048 


0019 




LMAD 


$048 




00043 


190 


040 


OOIB 




LAMD 


ADL 




00044 


194 


04A 


0010 




LMAD 


$04A 




00045 


160 


06F 


OOIF 




CALL 


HEX 


CONVERT RESULT INTO BCD DATA 


00046 


321 




0021 


PENO 


BR 


PEND 


END OF PROGRAM 


00047 










00048 














3k 


00049 








3k 


NAME 


: ADCNV (AD CONVERT) * 


00050 








3k 






3k 


00051 








3k >k 3k 3k >k 3k 3k >k 3k >k >k )k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3^ 


00052 








3k 






3k 


00053 








3k 


ENTRY 


: NOTHING 


3k 


00054 








3k 


RETURNS 


: ADU (UPPER A/D 


CONVERSION FLAG) * 


00055 








3k 




ADL (LOWER A/D 


CONVERSION FLAG) * 


00056 








3k 






3k 



00057 3k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k « 
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00058 


230 




0022 


ADCNV 


LAI 


$0 


00059 


208 




0023 




LRA 


$8 


00060 


207 




0024 




LRA 


$7 


00061 


lAO 


030 


0025 




LMID 


$0. ADU 


00062 


lAO 


040 


0027 




LMID 


$0. AOL 


00063 


223 




0029 




LXI 


$3 


00064 


210 




002A 




LYI 


$0 


00065 


087 




0028 




SEM 


$3 


00066 


090 




002C 




LAM 




00067 


208 




0020 




LRA 


$8 


00068 


160 


085 


002E 




CALL 


ADNOP 


00069 


OEO 




0030 




TO 




00070 


333 




0031 




BR 


ADCNl 


00071 


08B 




0032 




REM 


$3 


00072 


086 




0033 


AOCNl 


SEM 


$2 


00073 


090 




0034 




LAM 




00074 


208 




0035 




LRA 


$8 


00075 


160 


085 


0036 




CALL 


ADNOP 


00076 


OEO 




0038 




TO 




00077 


338 




0039 




BR 


A0CN2 


00078 


08A 




003A 




REM 


$2 


00079 


085 




003B 


ADCN2 


SEM 


$1 


00080 


090 




003C 




LAM 




00081 


208 




0030 




LRA 


$8 


00082 


160 


085 


003E 




CALL 


ADNOP 


00083 


OEO 




0040 




TO 




00084 


343 




0041 




BR 


ADCN3 


00085 


089 




0042 




REM 


$1 


00086 


084 




0043 


ADCN3 


SEM 


$0 


00087 


090 




0044 




LAM 




00088 


208 




0045 




LRA 


$8 


00089 


160 


085 


0046 




CALL 


ADNOP 


00090 


OEO 




0048 




TO 




00091 


340 




0049 




BR 


ADCN4 


00092 


088 




004A 




REM 


$0 


00093 


090 




004B 




LAM 




00094 


208 




004C 




LRA 


$8 


00095 


224 




0040 


ADCN4 


LXI 


$4 


00096 


087 




004E 




SEM 


$3 


00097 


090 




004F 




LAM 




00098 


207 




0050 




LRA 


$7 


00099 


160 


085 


0051 




CALL 


ADNOP 


00100 


OEO 




0053 




TO 




00101 


356 




0054 




BR 


ADCN5 


00102 


08B 




0055 




REM 


$3 


00103 


086 




0056 


ADCN5 


SEM 


$2 


00104 


090 




0057 




LAM 




00105 


207 




0058 




LRA 


$7 


00106 


160 


085 


0059 




CALL 


ADNOP 


00107 


OEO 




0058 




TO 




00108 


35E 




005C 




BR 


ADCN6 


00109 


08A 




0050 




REM 


$2 


00110 


085 




005E 


ADCN6 


SEM 


$1 


00111 


090 




005F 




LAM 




00112 


207 




0060 




LRA 


$7 


00113 


160 


085 


0061 




CALL 


ADNOP 


00114 


OEO 




0063 




TO 





INITIALIZE R8 PORT 
INITIALIZE R7 PORT 
INITIALIZE RAM 

DEFINE RAM STARTING ADDRESS 

SET BIT 3 OF WORKU(RAM) 
OUTPUT WORKUCRAM) DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 3 
SET BIT 2 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 2 
SET BIT 1 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 1 
SET BIT 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 
OUTPUT DATA 

CONVERT RAM ADDRESS 
SET BIT 3 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 3 
SET BIT 2 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 

CLEAR BIT 2 
SET BIT 1 
OUTPUT DATA 

TIME DELAY 

COMPARE OUTPUT DATA WITH INPUT VOLTAGE 
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00115 


366 


0064 




BR 


A0CN7 




00116 


089 


0065 




REM 


$1 


CLEAR BIT 1 


00117 


084 


0066 


ADCN7 


SEM 


$0 


SET BIT 


00118 


090 


0067 




LAM 




OUTPUT DATA 


00119 


2D7 


0068 




LRA 


$7 




00120 


160 085 


0069 




CALL 


AONOP 


TIME DELAY 


00121 


OEO 


0068 




TO 




COMPARE OUTPUT DATA WITH INPUT VOLTAGE 


00122 


36E 


006C 




BR 


ADMN8 




00123 


088 


006D 




REM 


$0 


CLEAR BIT 


00124 


010 


006E 


ADMN8 


RTN 






00125 








00126 












* 


00127 








NAME : 


; HEX (CONVERT 


2-BYTE HEXADCIMALS * 


00128 






* 




INTO 5- 


DIGIT BCD) * 


00129 






>•< 






>k 


00130 








00131 












>k 


00132 






* 


ENTRY : 


; MD<$04D-$04A) 


(2-BYTE HEXADECIMAL DATA) * 


00133 






* 


RETURNS ; 


: MD<$046-$042) 


(5-DIGIT BCD DATA) * 


00134 






* 






)k 


00135 






« )«( )K >k >K >t( >k >k )K )«( « )K >k )K >k « >K )K >k )K )k )K >tc » 9K « >k }«( « >t( )k )k « 3k « )«( 4( )(( « « >k >k )^ 


00136 


224 


006F 


HEX 


LXI 


XHEXD 


LOAD HEXADECIMAL ADDR(X) 


00137 


212 


0070 




LYI 


YHDEC 


LOAD BCD DATA ADDR(Y) 


00138 


290 


0071 


HEXl 


LMIIY 


$0 


CLEAR BCD DATA ADDR(Y) 


00139 


077 


0072 




YNEI 


BADEC 




00140 


371 


0073 




BRS 


HEXl 




00141 


20F 


0074 




LBI 


$F 


LOAD SHIFT COUNTER 


00142 


21A 


0075 


HEX2 


LYI 


YHHEX 


LOAD HEXADECIMAL DATA AODR(Y) 


00143 


090 


0076 


HEX3 


LAM 




SHIFT HEXADECIMAL DATA 1 BIT LEFT 


00144 


OAl 


0077 




ROTL 






00145 


050 


0078 




LMAIY 






00146 


07E 


0079 




YNEI 


BAHEX 




00147 


376 


007A 




BRS 


HEX3 




00148 


212 


0078 




LYI 


YHDEC 


LOAD BCD DATA LSD ADDR(Y) 


00149 


090 


007C 


HEX4 


LAM 




BCD DATA AREA '^2+CA->A 


00150 


OAl 


0070 




ROTL 






00151 


0A6 


007E 




DAA 




CONVERT INTO BCD DATA ? 


00152 


050 


007F 




LMAIY 




LOAD DECIMAL DATA 


00153 


077 


0080 




YNEI 


BADEC 


TEST IF CONVERSION IS COMPLETED 


00154 


37C 


0081 




BRS 


HEX4 




00155 


OCF 


0082 




DB 




DECREMENT SHIFT COUNTER 


00156 


375 


0083 




BRS 


HEX2 


LOOP UNTIL SHIFT COUNTER = $F 


00157 


010 


0084 




RTN 






00158 








00159 






* 






* 


00160 






* 


NAME 


: ADNOP (TIME DELAY) * 


00161 












* 


00162 






)k )k » )k >k )K >K >k >l( >k >k >K >k )K >k >k )k )K )k >K )K >K }k )K )K )K >k )i( )k )K >K >K )k 3k }K )k )k )k )K >k >K )K >k >k ^ 


00163 


000 


0085 


ADNGP 


NOP 






00164 


000 


0086 




NOP 






00165 


010 


0087 




RTN 






00166 






* 








00167 








END 
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SECTION 3. PULSE OUTPUT DUTY CONTROL 



3.1 HARDWARE DESCRIPTION 

3.1.1 Function 

Performs duty control of pulses output from the HMCS404C MCU in the 
range from - 100%, increasing the duty rate 10% every 0.7 sec. 
The output pulses are input to an amplifier and integration circuit, 
producing output voltages from V to 5 V in 0.5 units. 

3.1.2 Microcomputer Operation 

Outputs high, low pulses from port D4 using timer B with interrupt 
routines. The high and low period of these pulses are varied with 
TMB (Timer Mode B register) . 

3.1.3 Peripheral Devices 

HD14050B: Operational Amplifier - Prevents the fluctuation of 

analog output voltage caused by the load in user system. 

HA17458: Integration Circuit - Converts digital pulses output from 
the MCU to analog. 
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3.1.4 Circuit Diagram 



MCU 
HMCS404C 
HMCS402C 
WcS408C 



lOOkJ^ 




1S2076 

HD74HC14 
^>o ^X) 



22pF 



4MHz C3 M 

-^1 T 



22pF 



JT' 



TEST 




vcc 




RESET 




OSCi 




OSC2 


D4 


GND 







+ 12V 

' HA17458 



58 HD14050B 300kJ2 
1> — T \>f 



-12V 



Fig. 3.1. Duty Pulse Output 



3.1.5 Pin Functions 



Pin function for pulse output is shown in Table 3.1. 



Table 3.1. Pin Function 



Pin Name Input/ Active Level 
(HMCS404C) Output (High or Low) Function 



D4 



Output 



Output pulse 
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3.1.6 Hardware Operation 

Outputs pulses with - 100% duty rate every 0.7s, increasing the 
duty rate 10% each time from port D4 on the HMCS404C. The pulse 
output and DA conversion are shown in Fig. 3.2. 



Output from Port D4 
(Duty 40%) 



100^ 



4 0^ 


6 0^ 














1 6ms 


1 6ms 



Output after DA 5.0V 
conversion 

4..0V 




Fig. 3.2. Pulse Output and Waveform after DA Conversion 
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3.2 SOFTWARE DESCRIPTION 



3.2.1 Program Module Configuration 

The program module configuration for pulse output is shown in Fig. 3.3. 



DUMN 



MAIN 
PROGRAM 



DUSET 



DUOUT 



SET DUTY 



OUTPUT 
PULSE 



Fig. 3.3. Program Module Configuration 

3.2.2 Program Module Functions 

Program module functions are summarized in Table 3.2. 

Table 3.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 











Main Program 


DUMN 


Outputs pulse 


with 


- 


100% duty rate 


1 


Set Duty 


DUSET 


Sets duty 








2 


Output Pulse 


DUOUT 


Outputs pulse 


from 


I/O 


port 
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3.2.3 Program Module Process Flow (Main Program) 

The flowchart in Fig. 3.4 is an example of D/A conversion by control- 
ling pulse output, performed by the program modules in Fig. 3.3. The 
main program in Fig. 3.4 changes pulse output with - 100% duty rate 
every 0.7 seconds, increasing the duty rate 10% each time. 



^ D U M N ^ 



DUMN 




Main Program 

Initialize W register 

Initialize TMB to auto reload, 
prescaler t 32 

Clear timer B interrupt mask 
Enable interrupt 

Load DUSET entry argument 

Execute DUSET, and initialize pulse 
duty 



Increment data for next pulse 
output 



U U 



DUOUT 



Duty Pulse 
Output 

I 

T N 



Execute 0.7s software timer 

Note) DECNT: 4-digit BCD counter. 

For details refer to HMCS400 
Series Application Note 
(Software Edition) on Software 
DECNT 



Timer B interrupt routine 

Execute DUOUT and output duty pulse 



Fig. 3.4. Program Module Sample Application 
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3.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: 



Set Duty 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



DUSET 



Function: Stores high and low output period corresponding to 1-digit 
hexadecimal duty stored in entry argument. 



Arguments : 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry Duty 



Re- 
turns 



High HTIMEU 
output HTIMEL 
width (RAM) 



Low 

output 

width 



LTIMEU 
LTIMEL 
(RAM) 



Output HOUTF 
pulse LOUTF 
mode flag (RAM) 



Changes in CPU 
Registers and Flags: 



A 


B 


X 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications: 

1 word = 10 bits 
ROM (Words) : 44 
RAM (Digits) : 7 
Stack (Digits) : 
No. of cycles: 30 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description; 
1. Function Details 

(1) Argument details 

Y: Holds duty as 1-digit 
hexadecimal number 



(T) Entry 

argument 



b3 Y bO 
Y register j 
($A) 



lilEU: 



HTIMEU, HTIMEL (RAM); 
LTIMEU, LTIMEL (RAM) 
HOUTF, LOUTF (RAM) : 



Contains high 
output period 
Contains low 
output period 
Contains flag 
indicating what 
output is performed; 
low consecutive output, 
high consecutive output, or 
pulse output. 

Table 3.3 shows flag functions 



(2) Return 
argument 



Fig. 3.5. 



b7 HTIMEL bO 



HTIMEU: 
HTIMEL(RAM) 

($64) 
LTIMEU: 
LTIMEL(RAM) 

($96) 
HOUTF: 
LOUTF(RAM) 

($02) I " . ^ I 

Example of Program 
Module DUSET Execution 



LTiMEU: 
LTIMEL 

I 

9 6 

HOUTF : 
LOUTF 



Specifications Notes: 
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Program Module Name: 




MCU: HMCS402C/ 




Label: 


Set Duty 




HMCS404C/HMCS408C 




DUSET 









* Description: 



Table 3.3. Flag Functions 



HOUTF 


LOUTF 


Function 


1 





Outputs high consecutively from port D4 








Outputs pulses from port D4 





1 


Outputs low consecutively from port D4 



(2) Program module DUSET calls neither program modules nor subroutines. 
2. User Notes 

Data set in Y must be in the range <, Y 10 . 

Setting data outside of this range will make high and low pulse width 
measurement impossible. 
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Program Module Name: 






Set Duty 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






DUSET 



Description: 
3. RAM Allocation 





1 1 1 1 1 \ 1 1 1 ^ 1 1 1 1 1 \ 1 

F|E|DjCiB|Ai9i8i7|6l5i4|3i2il{0 


2 
3 


! 1 1 1 1 ! 1 

1- i_ X _ ' _J f- — ' 

1 I 1 1 1 1 


1 




I'll 
III 


4> 


1 r 1 1 1 1 








1 L 1 a - 


5 


— |— [— |— 1 — t — j— 

_ ! '1 _i ] 1 










i 1 ' 1 i 1 


> 1 ' 1 1 1 
I'll 

L 1 ' 1 1 1 







Fig. 3.6. RAM Allocation 



Label 



HOUT F 



RAM 



b3 bO 



Description 



MD ( $ , $048 ) 



b3 bO 



LOUT F 



Flag indicating pulse mode from 
port D4 



HTIMEUIHTIMEL 



MD($0, $058 ) J 



b7 bO 



MD($036. $085 ) 



LTIMEU.-LTIMEL 




MD($046, $045) 



Stores upper and lower data of 
high output width 



Stores upper and lower data of 
low output width 
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Program Module Name: 




MCU: HMCS402C/ 




Label: 


Set Duty 




HMCS404C/HMCS408C 




DUSET 









Description: 
4. Sample Application 



L AMD 
LAY 



WO RK 



Initialize duty 



CALL 



DUSET 



• Call subroutine DUSET 



5. Basic Operation 

(1) Y is used as a table index pointer to indicate high or low output pulse 
width corresponding to duty. 

(2) Test if duty in Y is 0% or 100% and if so, store in HTIMEU, LTIMEU (RAM) 
or 10 in HTIMEL, LTIMEL (RAM) . 

(3) If duty set in Y is other than 0% or 100%, store high and low output 
width in HTIMEU, HTIMEL(RAM) and LTIMEU, LTIMEL (RAM), respectively, 
by pattern command. 
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Program Module Name; 



Set Duty 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






DUSET 



Flowchart; 



USE 



DUSET 



DUSETl 
.Y^IO 
1 )-»-<d Y:^10 




0-^HOUT F 






1— LC 


)UTF 




Y=10 



1-^HOUTF 



0-^LOUT F 

C 



DUSET2 



Test if low consecutive output or 
not 



Set pulse output mode flag to low 
consecutive output 



Test if high consecutive output 



Set pulse output mode flag to high 
consecutive output 





riMEU 






$ 3-^HTlMEL 






$ 8-*LTIMEU 








riMEL 



Store high width 



DUSET3 



Store low width 



^ R T N ^ 
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Proqram Module Name: 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: 


Set Duty 


DUSET 













Flowchart: 



DUSET4 



Y -> A 






$ F 


-> B 






Pattern $ 






A-^HT I ME L 






B->HT I MEU 






Y — A 






$ F 


B 






Pattern $ 1 






A-^L T I ME L 






B-^LT I MEU 






0->HOUTF 






0-^LOUTF 



Store high width outputted from 
port D4 by pattern (P) command 



Store low width outputted from 
port D4 by pattern (P) command 



Set pulse output mode flag to 
pulse output 
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Program Module Name; 



Output Pulse 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






DUOUT 



Function; 



Output duty pulse from port. 



Arguments : 


1 digit = 


4 bits 






Storage 


No. of 


Contents 


Location 


Digits 




High 


HTIMEU 




Entry 


output 


HTIMEL 


2 




width 


(RAM) 






Low 


LTIMEU 






output 


LTIMEL 


2 




width 


(RAM) 






Output 


HOUTF 






pluse 


LOUTF 


2 




mode flag 


(RAM) 




Re- 








turns 





















Changes in CPU 
Registers and Flags; 



A 


B 


• 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


• 



• : Not Affected 
X : Undefined 
I : Result 



Specifications ; 




1 word = 10 


bits 


ROM (Words) : 


35 


RAM (Digits) : 


9 


Stack (Digits) : 


4 


No. of cycles: 


22 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


Yes 



Description; 
1. Function Details 

(1) Arguments details 

HTIMEU (RAM) 

HTIMEL (RAM) 

LTIMEU (RAM) 

LTIMEL (RAM) 



(T) Entry 

argument 



Store upper data of 
high pulse width 
Store lower data of 
high pulse width 
Store upper data of 
low pulse width 
Store lower data of 
low pulse width 



HTIMEU: 
HTIMEL(RAM) 

($64) 
LTIMEU: 
LTIMEL(RAM) 

($96) 
HOUTF: 
LOUTF(RAM) 

($02) 



HTIMEU: 
b7 HTIMEL bO 



LTIMEU : 
LTIMEL 



HOUTF : 
LOUTF 




Result {Port D4 



Duty 40% 

Fig. 3.7. Example of DUOUT Execution 



Specifications Notes; 
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Program Module Name: 




MCU; HMCS402C/ 




Label: 


Output Pulse 




HMCS404C/HMCS408C 




DUOUT 









Description: 



HOUTF (RAM) : Store flag indicating what output is performed; low 

LOUTF (RAM) consecutive output, high consecutive output, or pulse output. 



Table 3.4. Flag Functions 



HOUTF 


LOUTF 


Function 


1 





Output high consecutively from port D4 








Output pulse from port D4 





1 


Output low consecutively from port D4 



(2) Program module DUOUT calls neither program modules nor subroutines. 
2. User Notes 

(1) Initialize timer B before use. 

(2) IE bit should be initialized for interrupts when using timer B 
interrupt . 
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Program Module Name; 



Output Pulse 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






DUOUT 



Description: 
3. RAM Allocation 



w,x\ 


F 


E 


D 


C ] B 1 A 


9 1 8 


7 


1 1 

6 1 5 


4 


1 1 

3 


1 1 

2 


1 1 


2 








1 1 


1 1 

1 












J 


T 

1 

L J_ 


3 




— 






r 






i 


i 




--- 




1- ' 


4 






— 


... 





1 










r 






5 






— 










J 


J 




6 






" 1 l-_ 




! 

1^ 1 . 


L 




__J 








Fig. 3.8. RAM Allocation 



Label 



HOUTF 



RAM 



b3 bO 



Function 



MD( $0 , $048 ) 



b3 bO 



LOUTF 



MD($0, $ 5 8 ) ^ 



Flag specifying mode selection for 
pulses outputted from port D4 



HTIMEUiHTIMEL 



hi 



bO 



MD($036, $035) 



Store upper and lower data of 
high output width 



ltimeu:ltimel 



hi bO 



MD($046, $ 045 ) 



Store upper and lower data of low 
output width 



HLFLG 



b3 bO 



MD($ 0, $ 05 6 ) 



Flag specifying high, low or pulse 
from port D4 
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Program Module Name: 

Output Pulse 




MCU: HMCS402C/ 

HMCS404C/HMCS408C 




Label: 

DUOUT 









Description: 
4. Sample Application 



LM I D 


$ B, $ 9 


Initialize timer mode register B 


REMD 


1, $ 2 


Reset timer B interrupt mask 


REMD 


0, $ 2 


Reset timer B interrupt request flag 


S EMD 


0, $ 


•••••• Set interrupt enable flag 


L AMD 
LYA 


WORK 


Store duty from user program in 

subroutine DUSET entry argument 


CALL 


DUSET 


Call DUSET and initialize high output 

width and low output width in DUOUT 
entry argument 







5. Basic Operation 

Determines the previous output at every timer interrupt, and changes 
output port, high to low, low to high. The width of high or low is 
stored in TLRL and TLRU. 
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Program Module Name: 



Output Pulse 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






DUOUT 



Flowchart: 



^ D U U 



L0UTF=1 




Clear timer B interrupt request flag 



l^Save register 



Test if output pulse is low or high 



Store high width pulse in TLRL and 
TLRU 



Test if duty is 0% 



^^BR^ 

1 LOUTF: 




1 D* 








1-*HLFLG 








A-<->MR($F) 











--[ 



since duty is not 0%, high is outputted 
from port D4 



Restore register 
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Program Module Name: 




MCU: HMCS402C/ 




Label: 


Output Pulse 




HMCS404C/HMCS408C 




DUOUT 









Flowchart: 



DUOUT 2 



LT I ME L-*A 



A -> TLRL 



LT IMEU- A 



A TLRU 



Test HOUTF 



HOUTF =1 




- 


> Da 






HLFLG 



Store low pulse width in TLRL, TLRU 



Test if duty is 100% 



Since duty is not 100%, low is 
outputted from port D4 
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3.4 SUBROUTINES 



This application example calls no subroutines. 
3.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


010 




0000 




LLEN 


132 




00002 










TITLE 


DUTY CONTROL 


OF PULSE OUTPUT 


00003 








* 








00004 










RAM ALLOCATION xok***************************)^** 


00005 








* 








00006 








WORK 


EOU 


$038 


WORK AREA FOR DUTY DATA 


00007 








HOUTF 


EQU 


$0.$048 


UPPER DIGIT OF PULSE STATUS FLAG 


00008 








LOUTF 


EOU 


$0,$058 


LOWER DIGIT OF PULSE STATUS FLAG 


00009 








HTIMEU 


EQU 


$036 


UPPER DIGIT OF HIGH PERIOD OF PULSE 


00010 








HTIMEL 


EQU 


$035 


LOWER DIGIT OF HIGH PERIOD OF PULSE 


00011 








LTIMEU 


EQU 


$046 


UPPER DIGIT OF LOW PERIOD OF PULSE 


00012 








LTIMEL 


EOU 


$045 


LOWER DIGIT OF LOW PERIOD OF PULSE 


00013 








HLFLG 


EOU 


$0.$056 


PULSE OUTPUT SELECTION FLAG 


00014 








XDCNT 


EQU 


$3 


BCD COUNTER ADDRCX) 


00015 








YDCNT 


EQU 


$A 


BCD COUNTER LSD ADDR<Y) 


00016 








BADCN 


EQU 


$E 


BCD COUNTER FOR ADDRCY) 


00017 
















00018 










SYMBOL 


DEFINITIONS *>K**))<Jk**)»<**********»k******** 


00019 








* 








00020 








IE 


EQU 


o.$ooo 


INTERRUPT ENABLE FLAG 


00021 








IFTB 


EQU 


0.$002 


IF OF TIMER-B 


00022 








IMTB 


EQU 


1 . $002 


IM OF TIMER-B 


00023 








TMB 


EQU 


$009 


TIMER MODE REG 6 


00024 








TLRL 


EQU 


$00A 


TIMER LOAD REG LOWER 


00025 








TLRU 


EQU 


$00B 


TIMER LOAD REG UPPER 


00026 










00027 














w. 


00028 












VECTOR ADDRESSES * 


00029 








* 








00030 








)K >k >k >k >k >K >k >k » >K )i( }K >K )k )k )K >k >K >k >k >k >k >K >k >K )k )k >K )K )K >K >K >k )k >k )k >k )k )k >k )K )k « 


00031 








* 








00032 










ORG 


$0000 




00033 








* 








00034 


150 


010 


0000 




JMPL 


DUMN 


RESET 


00035 


150 


010 


0002 




JMPL 


DUMN 


INTO 


00036 


150 


010 


0004 




JMPL 


DUMN 


INTl 


00037 


150 


010 


0006 




JMPL 


DUMN 


TIMER-A 


00038 


150 


05C 


0008 




JMPL 


DUOUT 


TIMER-B 


00039 








>k >K >k >k >K )k )K )K )K )k >k )K >K )K >K >k )K >k )K >K >k )k >k >k >K >k >K )k >K >K >k )k iK H< >k « )k >k )k )k >k )K >K >k >K >^ 


00040 
















00041 








* 




MAIN PROGRAMN : 


DUMN * 


00042 














* 


00043 








)k )K >k >K >K )k )k >K >k )k >K )k )K )K >K >K >K )k )K >k >K >k >k Ik >K >K 3K >K >K >k )K >K )k >K >K >k )k )K )K >K >|( )k >k >K >K « 


00044 
















00045 










ORG 


$0010 




00046 








* 








00047 


OFO 




0010 


DUMN 


LWI 


$0 


INITIALIZE W REGISTER 


00048 


lAB 


009 


0011 




LMID 


$8. TMB 


INITIALIZE PRESCALER 1/32 


00049 


189 


002 


0013 




REMD 


IMTB 




00050 


184 


000 


0015 




SEMD 


IE 


ENABLE INTERRUPTS 


00051 


190 


038 


0017 


DUMNl 


LAMD 


WORK 


LOAD ENTRY ARGUMENT OF DUSET 


00052 


008 




0019 




LYA 






00053 


160 


030 


OOIA 




CALL 


DUSET 


DEFINE DUTY RATE OF PULSE 


00054 


05C 




OOlC 




lY 




DUTY+10% -> ENTRY ARGUMENT 


00055 


078 




OOID 




YNEI 


11 


DUTY =100% 7 


00056 


320 




OOIE 




BRS 


0UMN2 




00057 


210 




OOIF 




LYI 


$0 


STORE 0% DUTY 
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00058 


OAF 




0020 


DUMN2 


LAY 




EXECUTE 0.7MS SOFTWARE TIMER 


00059 


194 


038 


0021 




LMAD 


WORK 




00060 


lAO 


03A 


0023 




LMID 


$0,$03A 




00061 


lAO 


038 


0025 




LMID 


$0.$03B 




00062 


lAO 


03C 


0027 




LMID 


$0.$03C 




00063 


lAO 


030 


0029 




LMID 


$0. $03D 




00064 


160 


081 


0028 


DUMN3 


CALL 


DECNT 




00065 


06F 




002D 




TC 






00066 


317 




002E 




BRS 


DUMNl 




00067 


328 




002F 




BRS 


DUMN3 




00068 








)K )K }K >K >l< )K >K )(< >k )K )K >l< >K >K >K >K >K )K >K >4( )^ >K >K >K >K >k >K >k >k >K )|< >K >k >K >K >k >K )K >k >K )K >k >K ^ 


00069 
















00070 










NAME : 


: DUSET (SET DUTY) * 


00071 
















00072 








)k >l< )K >K )K >k >(< )K >K )i( >k >t< >K >k )K )K >l( >K >k >K >k >K >k )K )K >k >k )K )K )K >K )K )K )K >l< >K )K >K )K >K )K >K >K 


00073 
















00074 








>K 


ENTRY : 


: Y REGISTER (DUTY DATA) * 


00075 








>K 


RETRUNS : 


; HTIMEU (UPPER 


HIGH PERIOD OF PULSE) * 


00076 












HTIMEL (LOWER 


HIGH PERIOD OF PULSE) * 


00077 








* 




LTIMEU (UPPER 


LOW PERIOD OF PULSE) * 


00078 








* 




LTIMEL (LOWER 


LOW PERIOD OF PULSE) * 


00079 












HOUTF (UPPER 1 


PULSE STATUS FLAG) * 


00080 








* 




LOUTF (LOWER 


PULSE STATUS FLAG) * 


00081 
















00082 








)K )K >K )k }K )k )k >k )k )k >k >l< )K >K >K >k )K )K >tc >|< )t( )(( >k )K )(< >K )k )k )K >K >k >K >K )(( )K >K )k )K >K >K )K ^ 


00083 


070 




0030 


DUSET 


YNEI 


$0 


TEST IF DUTY =0% 7 


00084 


338 




0031 




BRS 


DUSETl 




00085 


188 


048 


0032 




REMD 


HOUTF 


DEFINE FLAG TO OUTPUT LOW 


00086 


184 


058 


0034 




SEMD 


LOUTF 




00087 


170 


03E 


0036 




BRL 


DUSET2 




00088 


07A 




0038 


DUSETl 


YNEI 


10 


TEST IF DUTY =100% ? 


00089 


347 




0039 




BRS 


DUSET4 




00090 


184 


048 


003A 




SEMD 


HOUTF 


DEFINE FLAG TO OUTPUT HIGH 


00091 


188 


058 


003C 




REMD 


LOUTF 




00092 


1A8 


036 


003E 


DUSET2 


LMID 


8, HTIMEU 


SET 50% DUTY RATE 


00093 


1A3 


035 


0040 




LMID 


3, HTIMEL 




00094 


1A8 


046 


0042 




LMID 


8. LTIMEU 




00095 


1A3 


045 


0044 




LMID 


3. LTIMEL 




00096 


010 




0046 


DUSET3 


RTN 






00097 


OAF 




0047 


DUSET4 


LAY 




SET HIGH PERIOD OF PULSE 


00098 


20F 




0048 




LBI 


$F 




00099 


180 




0049 




P 


$0 


PATTERN 


00100 


194 


035 


004A 




LMAD 


HTIMEL 




00101 


048 




004C 




LAB 






00102 


194 


036 


004D 




LMAD 


HTIMEU 




00103 


OAF 




004F 




LAY 




SET LOW PERIOD OF PULSE 


00104 


20F 




0050 




LBI 


$F 




00105 


IBl 




0051 




P 


$1 


PATTERN 


00106 


194 


045 


0052 




LMAD 


LTIMEL 




00107 


048 




0054 




LAB 






00108 


194 


046 


0055 




LMAD 


LTIMEU 




00109 


188 


048 


0057 




REMD 


HOUTF 


DEFINE FLAG TO OUTPUT PULSE 


00110 


188 


058 


0059 




REMD 


LOUTF 




00111 


346 




0058 




BRS 


DUSET3 




00112 










00113 














* 


00114 










NAME ; 


: DUOUT (OUTPUT 


PULSE) * 
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00115 












* 


001 16 










00117 














001 18 








* ENTRY 


• HTTMFIJ niPPFR 


HIGH PERIOD OF PULSE) * 


001 19 










HTIMEL (LOWER 


HIGH PERIOD OF PULSE) * 


00120 










LTIMEU (UPPER 


LOW PERIOD OF PULSE) * 


00121 








* 


LTIMEL (LOWER 


LOW PERIOD OF PULSE) * 


00122 








* 


HOUTF (UPPER 


PULSE STATUS FLAG) * 


00123 








* 


LGUTF (LOWER 


PULSE STATUS FLAG) * 


00124 








* RETURNS 


: NOTHING 


* 


00125 












* 


00126 








***** )t<>tc**>K )k *>»<>»< )♦ 


(***************************************** 


00127 


188 


002 


005C 


DUDLJT RFMD 


IFTB 


ri P^R TMTFRRI IPT RPHIIP^T RTT 


00128 


2FF 




005E 


XMRA 


$F 




00129 


18C 


056 


005F 


TMD 


HLFL6 


wTRw np 1 nu ni itpi it 9 


00130 


372 




0061 


BRS 


ni ini IT9 

UUUU 1 /i 


RRAMPI-I TP 1 nu ni ITPI IT 
DnMiNun xr l.uw uu i i u i 


00131 


190 


035 


0062 


LAMD 


HTIMEL 


CTHRF HTfiH PFRTHD HP Pill '^F 
J I unc nxun r cnxuL' ur r ul.jc 


00132 


194 


OOA 


0064 


LMAD 


TLRL 




00133 


190 


036 


0066 


LAMD 


HTIMEU 




00134 


194 


OOB 


0068 


LMAD 


TLRU 




00135 


18C 


058 


006A 


TMD 


LOUTF 


DUTY =0% ? 


00136 


370 




006C 


BRS 


DUOUTl 




00137 


2E4 




006D 


SEDD 


$4 


OUTPUT HIGH PULSE 


00138 


184 


056 


006E 


SEMD 


HLFLG 




00139 


2FF 




0070 


nunilTl XMRA 


$F 


RESTORE X REGISTER 


00140 


Oil 




0071 


RTNI 






00141 


190 


045 


0072 


DLIOLJT? L AMD 


LTIMEL 


STORE LOW PERIOD OF PULSE 


00142 


194 


OOA 


0074 


LMAD 


TLRL 




00143 


190 


046 


0076 


LAMD 


LTIMEU 




00144 


194 


OOB 


0078 


LMAD 


TLRU 




00145 


18C 


048 


007A 


TMD 


HOUTF 


DUTY =100% ? 


00146 


370 




007C 


BRS 


DUOUTl 




00147 


264 




007D 


REDD 


$4 


OUTPUT LOW PULSE 


00148 


188 


056 


007E 


REMD 


HLFLG 




nn 1 
uu X **y 


J f u 






BRS 


DUOUTl 




00150 








******************************************************** 


00151 












* 


00152 








* NAME 


: DECNT (4-DIGIT BCD COUNTER) * 


00153 








* 




* 


00154 










00155 








* 




* 


00156 








* ENTRY 


: NOTHING 


* 


00157 








* RETURNS 


: MD($03D-$03A)(4-DI6IT BCD COUNTER) * 


00158 








* 


CA FLAG (CA= 


; TRUE. CA=l: OVERFLOW) * 


00159 












* 


00160 








******************************************************** 


00161 


223 




0081 


DECNT LXI 


XDCNT 


LOAD ADDR(X) 


00162 


21 A 




uuoz 


LYI 


YDCNT 


LOAD LSD ADDR(Y) 


00163 


OEF 




0083 


SEC 




SET CARRY FLAG 


00164 


230 




UUOH 


DECNTl LAI 


$0 


CLEAR A 


00165 


018 




0085 


AMC 




INCREMENT BCD COUNTER 


00166 


0A6 




0086 


DAA 




CONVERT INTO BCD DATA 


00167 


050 




0087 


LMAIY 




STORE BCD COUNTER AND BCD DATA 


00168 


07E 




0088 


YNEI 


BADCN 


REG(Y) = / BCD COUNTER ? 


00169 


384 




0089 


BRS 


DECNTl 


LOOP UNTIL REG(Y) = BCD COUNTER 


00170 


010 




008A 


RTN 






00171 








******************************************************** 
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00172 














00173 






* 


DATA 


TABLE 




00174 














00175 






>t( >k }« >t<>k >K >K )t( >K >t()K )K )K X( >tc)t( >k >fc >t( >t< )t( >«>)( >K )k >K >tC)K >K >K }K >t( > 


00176 






* 








00177 








ORG 


$0F1 




00178 














00179 


1E7 


OOFl 




DC 


$1E7 


10 


00180 


ICE 


00F2 




DC 


$1CE 


20 


00181 


1B5 


00F3 




DC 


$1B5 


30 


00182 


19C 


00F4 




DC 


$19C 


40 


00183 


183 


00F5 




DC 


$183 


50 


00184 


16A 


00F6 




DC 


$16A 


60 


00185 


151 


00F7 




DC 


$151 


70 


00186 


138 


00F8 




DC 


$138 


80 


00187 


IIF 


00F9 




DC 


$11F 


90 


00188 














00189 








ORG 


$1F1 




00190 






* 








00191 


IIF 


OlFl 




DC 


$11F 


90 


00192 


138 


01F2 




DC 


$138 


80 


00193 


151 


01F3 




DC 


$151 


70 


00194 


16A 


01F4 




DC 


$16A 


60 


00195 


183 


01F5 




DC 


$183 


50 


00196 


19C 


01F6 




DC 


$19C 


40 


00197 


185 


01F7 




DC 


$1B5 


30 


00198 


ICE 


01F8 




DC 


$1CE 


20 


00199 


1E7 


01F9 




DC 


$1E7 


10 


00200 














00201 








END 







HIGH PERIOD OF PULSE 



LOW PERIOD OF PULSE 
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SECTION 4. PULSE WIDTH MEASUREMENT 



4.1 HARDWARE DESCRIPTION 

4.1.1 Function 

Measures the input cycle of a pulse to determine pulse width in the 
range from 100 ys to 256 ys stores result as a binary coded decimal 
(BCD) number. 

4.1.2 Microcomputer Operation 

The HMCS404C uses the eight-bit auto reload type timer and event 

counter to fetch values in the timer and event counter on the falling 

and rising edges of the INtJ pin, using the difference between these 
values to measure the pulse width. 

4.1.3 Circuit Diagram 



+5V 



( 



MCU 
HMCS40 4.C 
HMCS4 2C 
MMCS4- U 8C 



) 



50 



TEST 



+5V 



+5V 




23 




Pulse input 



-o 



Fig. 4.1. 



Pulse Width Measurement Circuit 
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4.1.4 Pin Functions 

Pin functions for pulse width measurement are shown in Table 4.1. 



Table 4.1. Pin Functions 



Pin Name Input/ Active level 
(HMCS404C) Output (High or Low) Function 



R33/INT1 Input Low 



Detects falling edge of input 
signal and executes interrupt 
routine 



4.1.5 Hardware Operation 

Fig. 4.2 shows pulse width measurement. Since system clock cycle is 
2 us, E clock cycle is 1 ys. In Fig. 4.2, pulse width W is 6 ys. 



TCB pulse count value == N 



N= 3 



Timer/event 
counter 




INTi pin 



Cycle W 



Fig. 4.2. Measure Pulse Width 
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4.2 SOFTWARE DESCRIPTION 



4.2.1 Program Module Configuration 



The program module configuration for pulse width measurement and BCD 
conversion is shown in Fig. 4.3. 



PWMN 



Main 
Program 



PWCNT 



HEX 



Pulse Width 
Measurement 



Convert 
Hexadecimal s 
into BCD 



Fig. 4.3. Program Module Configuration 

4.2.2 Program Module Functions 

Program module functions are summarized in Table 4.2. 

Table 4.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


PWMN 


Measures pulse width as a BCD number 


1 


Measure Pulse Width 


PWCNT 


Obtains pulse width as a 2-byte 
hexadecimal number 


2 


Convert Hexadecimal s 
into BCD 


HEX 


Converts 2-byte hexadecimal number 
into BCD number. Refer to HEX in 



HMCS400 Series Application Note 
(Software Edition) for details 
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4.2.3 Program Module Process Flow (Main Program) 



The flowchart in Fig. 4.4 is an example of pulse width measurement 
performed by the program module in Fig. 4.3. 



W M 



PWMN 






$ 0->W 








$ 6-^TMB 








S 8-^PMR 








I M 1 








I F 1 








1 


I E 


PWMNl 








$ 0-+MD($4D) 








$ 0-H-MD ($4C) 








PWDTHU 
-►MD ( $ 4 B) 


1 




PWDTHL 
-♦M D ( $ 4 A ) 




HEX 







Main Program 
Initialize W register 

Select prescaler divide ratio of timer 
mode register as t 2 

Select INTi input pin by port mode register 

Clear INTi interrupt mask 

Clear INTj interrupt request flag 

Set interrupt enable flag 

Clear upper digits not used in HEX 



Store upper digits of 2-byte hexadecimal 
cycle value in input argument HEXD (RAM) 
of module HEX 



Store lower digits of 2-byte hexadecimal 
cycle value in input argument HEXD (RAM) 
of module HEX 

Call subroutine HEX and convert pulse 
width into BCD number. 
See subroutine HEX in HMCS400 Series 
Application Note (Software Edition) 
for details 



^P W C N 



PWCNT 



Measure 
Pulse Width 



INT]^ interrupt routine 



Obtain pulse cycle as a 2-byte hexadecimal 
number 



T N 



Fig. 4.4. Program Module Flowchart 
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4.3 PROGRAM MODULE DESCRIPTION 



Program Module Name; MEASURE PULSE 
WIDTH 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; 



PWCNT 



Function; 

Obtains pulse cycle as a 2-byte hexadecimal number, and stores result in 
PWDTHU; PWDTHL (RAM). 



Arguments; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Period PWDTHU 
(upper) (RAM) 



Period PWDTHL 
(lower) (RAM) 



Changes in CPU 
Registers and Flags; 



SPX 



SPY 



CA 



ST 



• : Not Affected 
X : Undefined 
I : Result 



Specifications; 




1 word = 10 


bits 


ROM (Words) : 


34 


RAM (Digits) : 


6 


Stack (Digits) : 





No. of cycles; 


36 


Reentrant: 


No 


Relocatable; 


No 


Interrupt OK?; 


No 



Description; 
1. Function Details 

(1) Argument details 



@ Input pulse ' 



PWDTHU, PWDTHL 

(RAM) : Contains pulse width 
as a 2-byte hexa- 
decimal number 



r PWDTHU : 

(2) Measurement 

result i ($058, $057) 



hi 



PWDTHU: 
PWDTHL 



bO 



Fig. 4.5. Example of PWCNT Execution 



Specifications Notes; 
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Program Module Name; MEASURE PULSE 
WIDTH 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



PWCNT 



Description: 

(2) Example of PWCNT execution is shown in Fig. 4.5. If pulse, whose high 
period of pulse is 160 ys, is input as shown in part (T) of Fig. 4.5, 
measurement result is stored in PWDTHU, PWDTHL(RAM) as a hexadecimal 
number . 

(3) PWCNT calls neither program modules nor subroutines. 



2. User Notes 

(1) Only period of pulses between 100 and 256 ys can be correctly measured. 

(2) Bit IE is set to enable INTJ interrupt. 

(3) Since a 2 ys system clock is employed, an oscillator frequency of 4 MHz 
is used to execute measurement of pulse cycles. 



3. RAM Allocation 




Label 



tcbnwu:tcbnwl 



b7 



Fig. 4.6. 

RAM 

bO 



mm 



RAM Allocation 

Description 

Stores timer/event counter value 
at the second falling edge 



MD($ 38, $ 3 7 ) 



TCBODUITCBODL 




MD($048, $04.7 ) 



Stores timer/event counter value 
at the first falling edge 



PWDTHU : PWDTHL 



b7 



bO 



MD($0 5 8, $05 7) 



Stores difference (cycle) in 
timer/event counter at the first 
and second falling edges 
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Program Module Name: measure ptilse 




MCU; HMCS402C/ 




Label: 


WIDTH 




HMCS404C/HMCS408C 




PWCNT 









Description: 
4. Sample Application 

Initialize port mode register as INTi, 

LMID $8, PMR ^„r.„+- r.ir. 

input pin 

REMD IFl Reset external interrupt request flag 



5. Basic Operation 

Reads the timer/event counter value when the external interrupt request 
flag is set on the INTJ pin input falling edge. 

In the same manner, read the timer/event counter value at the next falling 
edge. 

Pulse cycle is measured by calculating the difference between the two 
values. 
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Program Module Name; MEASURE PULSE 
WIDTH 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 






PWCNT 



Flowchart; 



^ pwcn"t^ 



PWCNT 



I F 1 



A*-^MR (F) 



TCBU-^ 
TCBNWU 



TCBL- 
T C BNWL 



1 ^ C A 



TCBNWL- 
TCBODL-CA 
PWDTHL 



TCBNWU- 

TCBOD U-CA 
PWDTHU 



^ RTN I ^ 



Clear external interrupt request flag 



Save register 



Read timer/event counter value and 
set in TCBNWU (RAM), TCBNWL (RAM) 



Set CA 



Obtain pulse cycle by calculating the 
difference in TCB values between former 
and latter interrupts 



TCBNWU 

TCBODU 








TCBNWL 

TCBODL 








M R ( F ) ^ A 











Store TCBNWU (RAM) , TCBNWL (RAM) to 
TCBODU (RAM) , TCBODL (RAM) to perform 
measurement of next cycle 



Restore register 
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4.4 SUBROUTINE DESCRIPTION 



This application example calls no subroutines. 



4.5 


PROGRAM 


[ LISTING 








ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


1E7 




0000 




LLEN 


132 




00002 










TITLE 


PULSE WIDTH 


MEASUREMENT 


00003 
















00004 










RAM ALLOCATION )t<*>(<)K*)K5K*>K*5k****>K5K*>K*)K***3»<)K>K>»<)»<*)K>K*)K*>X>K)K))OX 


00005 
















00006 








PWDTHU 


EQU 


$058 


UPPER DIGIT OF PULSE WIDTH 


00007 








PWDTHL 


EOU 


$057 


LOWER DIGIT OF PULSE WIDTH 


00008 








TCBNWU 


EQU 


$038 


TIMER CNTR B NEW UPPER 


00009 








TCBNWL 


EQU 


$037 


TIMER CNTR B NEW LOWER 


00010 








TCBDDU 


EQU 


$048 


TIMER CNTR B OLD UPPER 


0001 1 








TCBGDL 


EQU 


$047 


TIMER CNTR B OLD LOWER 


00012 








XHEXD 


EQU 


$4 


HEXADECIMAL AND BCD DATA ADDRCX) 


00013 








YHHEX 


EOU 


$A 


2-BYTE HEXADECIMAL DATA LSD ADDR<Y) 


00014 








YHDEC 


EQU 


$2 


5-DI6IT BCD DATA LSD ADDRCY) 


00015 








BAHEX 


EOU 


$E 


2-BYTE HEXADECIMAL DATA MSD ADDR<Y)+1 


00016 








BADEC 


EQU 


$7 


5-DIGIT BCD DATA MSD ADDRCY)+1 


00017 
















00018 








**** 


SYMBOL 


DEFINITIONS 




00019 
















00020 








TMB 


EOU 


$009 


TIMER MODE REGISTER B 


00021 








PMR 


EQU 


$004 


PORT MODE REGISTER 


00022 








IMl 


EQU 


$1,$001 


INTERRUPT MODE FLAG 


00023 








IFl 


EQU 


$0.$001 


INTERRUPT REQUEST FLAG 


00024 








IE 


EQU 


$0, $000 


INTERRUPT ENABLE FLAG 


00025 








TCBU 


EOU 


$00B 


TIMER CNTR B UPPER 


00026 








TCBL 


EQU 


$00A 


TIMER CNTR B LOWER 


00027 










U0028 
















00029 












VECTOR ADDRESSES ^ 


00030 
















00031 










)|<)k>K>K****>K*)t<>K*>K**>K»<>K**>K>K>K)k** ******** 


00032 
















00033 










ORG 


$0000 




00034 
















00035 


150 


010 


0000 




JMPL 


PWMN 


RESET 


00036 


150 


010 


0002 




JMPL 


PWMN 


INTO 


00037 


150 


02A 


0004 




JMPL 


PWCNT 


INTl 


00038 


150 


010 


0006 




JMPL 


PWMN 


TIMER-A 


00039 


150 


010 


0008 




JMPL 


PWMN 


TIMER-B 


00040 










00041 














* 


00042 








* 




MAIN PROGRAM : 


PWMN * 


00043 














* 


00044 










00045 








* 








00046 










ORG 


$0010 




00047 








* 








00048 


OFO 




0010 


PWMN 


LWI 


$0 


INITIALIZE W REGISTER 


00049 


1A6 


009 


0011 




LMID 


$6. TMB 


SELECT PRESCALER AS 1/2 


00050 


1A8 


004 


0013 




LMID 


$8, PMR 


SELECT INTl PIN 


00051 


189 


001 


0015 




REMD 


IMl 


ENABLE INTl INTERRUPT 


00052 


188 


001 


0017 




REMD 


IFl 




00053 


184 


000 


0019 




SEMD 


IE 


ENABLE INTERRUPT 


00054 


lAO 


04D 


OOIB 


PWMNl 


LMID 


$0.$04D 


LOAD ENTRY ARGUMENT 


00055 


lAO 


04C 


OOID 




LMID 


$0.$04C 




00056 


190 


058 


OOIF 




LAMD 


PWDTHU 




00057 


194 


048 


0021 




LMAD 


$046 
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00058 


190 


057 


0023 


LAMD 


PWDTHL 




00059 


194 


04A 


0025 


LMAO 


$04A 




UUUoU 


iou 


04C 


0027 


CALL 


HEX 


CONVERT HEX DATA INTO BCD DATA 


UUUoi 


318 




0029 


BRS 


PWMNl 




00062 










00063 












* 


00064 








* NAME 


: PWCNT (MEASURE PULSE WIDTH) * 


00065 








* 






00066 










UUUo f 














00068 








* ENTRY 


: NOTHING 




00069 








* RETURNS 


: PWDTHU (UPPER 


PULSE WIDTH) * 


00070 








* 


PWDTHL (LOWER 


PULSE WIDTH) * 


00071 














00072 








)K )K )k >K >K )k >K >K )•( >t< >k >k )t( >K )k >k )*( )K )K >K >K )<( >|( >K >K )K >K ><( >K )K >K )K >K >k >K >k >k )K He >k >K )K >K >K ^ 


00073 


188 


001 


002A 


PWCNT REMD 


IFl 


CLEAR INTERRUPT REQUEST FLAG 


00074 


2FF 




002C 


XMRA 


$F 


SAVE REGISTER 


00075 


190 


008 


0020 


LAMD 


TCBU 




00076 


194 


038 


002F 


LMAD 


TCBNWU 


STORE TIMER/EVENT COUNTER 


00077 


190 


OOA 


0031 


LAMD 


TC6L 




00078 


194 


037 


0033 


LMAD 


TCBNWL 




00079 


OEF 




0035 


SEC 




SET CARRY FLAG 


UUUoU 


190 


047 


0036 


LAMD 


TCBODL 


CALCULATE PULSE WIDTH 


00081 


198 


037 


0038 


SMCD 


TCBNWL 




U0Uo2 


194 


057 


003A 


LMAD 


PWDTHL 




00083 


190 


048 


003C 


LAMD 


TCBODU 




00084 


198 


038 


003E 


SMCD 


TCBNWU 




00085 


194 


058 


0040 


LMAD 


PWDTHU 




00086 


190 


038 


0042 


LAMD 


TCBNWU 


TCBNEW->TCBOLD 


UUUO f 


194 


048 


0044 


LMAD 


TCBODU 




UUUoB 


190 


037 


0046 


LAMD 


TCBNWL 




UUUoy 


194 


047 


0048 


LMAD 


TCBODL 




vJUUtU 


2FF 




004A 


XMRA 


$F 


RESTORE REGISTER 


00091 


Ul 1 




004B 


RTNI 






00092 










00093 














00094 








* NAME : 


HEX (CONVERT 2 


-BYTE HEXADCIMALS INTO * 


00095 








* 


5-DI6IT BCD) 




00096 










00097 














UUUro 








* ENTRY : 


MD($04D-$04A) 


(2-BYTE HEXADECIMALS) * 


UUUVy 








* RETURNS : 


MD($046-$042) 


(5-DI6IT BCD) * 


UulUU 












* 


00101 










nn 1 no 
UUiUZ 


224 




UU4C 


HEX LXI 


XHEXD 


LOAD HEXADECIMAL ADDR(X) 


no 1 r\x 

UUiUo 


212 




0040 


LYI 


YHDEC 


LOAD BCD DATA ADDR(Y) 


on 1 H/i 
UUiUH 


290 




004E 


HEXl LMIIY 


$0 


CLEAR BCD DATA ADDR(Y) 


00105 


077 




004F 


YNEI 


BADEC 




00106 


34E 




0050 


BRS 


HEXl 




00107 


20F 




0051 


LBI 


$F 


LOAD SHIFT COUNTER 


00108 


21A 




0052 


HEX2 LYI 


YHHEX 


LOAD HEXADECIMAL DATA ADDR(Y) 


00109 


090 




0053 


HEX3 LAM 




SHIFT HEXADECIMAL DATA 1-BIT LEFT 


001 10 


OAl 




0054 


RDTL 






00111 


050 




0055 


LMAIY 






00112 


07E 




0056 


YNEI 


BAHEX 




00113 


353 




0057 


BRS 


HEX3 




00114 


212 




0058 


LYI 


YHDEC 


LOAD BCD DATA LSD ADDR(Y) 
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00115 


090 


0059 HEX4 


LAM 


00116 


OAl 


005A 


RGTL 


00117 


0A6 


005B 


DAA 


00118 


050 


005C 


LMAIY 


00119 


077 


005D 


YNEI 


00120 


359 


005E 


BRS 


00121 


OCF 


005F 


OB 


00122 


352 


0060 


BRS 


00123 


010 


0061 


RTN 


00124 








00125 






END 



BCD DATA AREA *2+CA->A 

CONVERT INTO BCD DATA 7 

LOAD DECIMAL DATA 
BADEC TEST IF CONVERSION IS COMPLETED 

HEX4 

DECREMENT SHIFT COUNTER 
HEX2 LOOP UNTIL SHIFT COUNTER = $F 
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SECTION 5. INPUT PULSE COUNT 



5.1 HARDWARE DESCRIPTION 



5.1.1 Function 



Counts input pulses up to 255 pulses; the count value is returned as 
a Hexadecimal number. 



5,1.2. Microcomputer Operation 

Inputs pulses through the INTi Pin of the HMCS404C and performs 
pulse count by counting up timer B timer/event counter (hereinafter, 
TCB) . 

5.1.3 Circuit Diagram 

Input pulse measurement circuit is shown in Fig. 5.1. 



+5V 



MCU 
HMCS4 4 
HMCS 4 2 
HMCS 4 8 



50 



TEST 



+5V 



+5V 




Fig. 5.1. 



Input Pulse Measurement Circuit 
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5.1.4 Pin Functions 



Pin functions of HMCS404C for counting pulses is shown in Table 5.1. 

Table 5.1. Pin Functions 

Pin Name Input/ Active Level 

(HMCS404C) Output (High or Low) Function 

R33/INT1 Input Low Inputs pulse event 



5.1.5 Hardware Operation 

Fig. 5. 2. shows input pulse count using INTi pin of the HMCS404C. 
To set start/end timing for counting input pulses, the procedure 
below must be performed in the main program. 

® Set flag in STRTF(RAM) 

(D Clear flag is STRTF (RAM) 



Pulse number N N=4> 



INTi pin input 


1 




2 




3 




4 


pulse 

















Pulse count start Pulse count end 



Fig. 5.2. Input Pulse Count 
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5 . 2 SOFTWARE DESCRIPTION 



5.2.1 Program Module Configuration 

The program module configuration for input pulse count is shown in 
Fig. 5.3. 



PLSMN 



Mam 
Program 



PLSCNT 



HEX 



Count 
Pulses 



Convert 
Hexadecimal s 
into BCD 



Fig. 5.3. Program Module Configuration 

5.2.2 Program Module Functions 

Program module functions are summarized in Table 5.2. 

Table" 5.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 







Main Program 


PLSMN 


Counts input pulses 


as a BCD numbers 


1 


Count Pulses 


PLSCNT 


Obtains input pulse 
value 


number by TCB 



Convert Hexadecimal s HEX 
into BCD 



Converts 1-byte hexadecimal number 
into BCD number. Refer to HEX in 
HMCS400 Series Application Note 
(Software Edition) for details 
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5.2.3 Program Module Process Flow (Main Program) 



The flowchart in Fig. 5.4 is an example of counting input pulses, 
performed by the program module in Fig. 5.3. 



^ PL SMN^ 




1^ Initialize W register 

Select R33/INT1 as INTi 
1^ Store start Flag in STRTF (RAM) 
j~ Execute PLSCNT to count input pulse 



Execute 200ms software timer 



Fig. 5.4. Program Module Flowchart 
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0-^0, STRTF 






PLSCNT 






A-»HEXDA 1 






B -* A 






A-*HEXDA 2 






$ 0-*HEXDA3 






$0-^HEXDA4 






HEX 


PEND 





Clear start Flag for input pulse count 

1^ Execute PLSCNT and stop counting pulse 



Load input pulse count result into entry 
argument HEXDA(RAiyi) of siobroutine HEX 



^ E N D ^ 



Load $0 into entry argument HEXDA3 , 
HEXDA4(RAM) which do not use HEX 



Call HEX to convert hexadecimal count 
result into a BCD number. 

Refer to HEX in HMCS400 Series Application 
Note (Software Edition) for details 



Fig. 5.4. Program Module Flowchart (cont) 
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5.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: COUNT PULSES 



MCU: HMCS402C/ 

HMC S4 04C/HMCS4 08C 



Label; PLSCNT 



Function: 



Counts pulses input from INT^^ pin, and loads count result into Accumulator, and 
B register. 



Arguments : 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Start/ stop STRTF 



request 
flag 



(RAM) 



turns value 



Changes in CPU 
Registers and Flags; 



A 


B 


I 


1 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications : 

1 word = 10 bits 
ROM (Words) : 16 
RAM (Digits) : 1 
Stack (Digits) : 
No. of cycles: 13 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 
1. Function Details 

(1) Argument details 

STRTF (RAM): Holds flag indicating 
whether input pulse 
count will start or 
stop. Table 5.3 shows 
flag functions. 

A.B: Contains input pulse count 
result as a 1-byte 
hexadecimal number. 



16 Pulse 



® Input ^ 
pulse 



m 

STRTF 
($01) 



I 



H 

STRTF 
($00) 



Q) Return 
argument 



Fig. 5.5. Example of PLSCNT 
Execution 



Specifications Notes: 
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Program Module Name: COUNT PULSES 




MCU: HMCS402C/ 




Label: PLSCNT 






HMCS404C/HMCS408C 













Description: 

Table 5.3. Flag Function 

Label Bit Function 



STRTF Ends pulse count 

1 Start pulse count 

(2) Example of PLSCNT execution is shown in Fig. 5.5. 

If 160 pulse is inputted by INTi pin as shown in port (T) of Fig. 5.5, 
loads measurement result into Accumulator, B register as shown in port (2) 
of Fig. 5.5. 

(3) PLSCNT calls neither the program modules nor subroutines. 

2. User Notes 

The following procedure must be performed before PLSCNT execution. 

(1) Counts input pulse up to 255 pulses by using TCB. 

(2) Sets R33/INT^ as INTi before using module PLSCNT. 

(3) Sets STRTF to indicate the start and end of pulse counting. 

3 . RAM Allocation 




Fig. 5.6. RAM Allocation 

Label RAM Description 

b3 bO 

Flag indicating whether input pulse 
will start or stop 

MD($020) 



S T RTF 
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Program Module Name: COUNT PULSES 



MCU ; HMCS402C/ 

HMC S4 04C/ HMC S4 08C 



Label: PLSCNT 



Description: 

4. Sample Application 



WORK 1 
WO RK2 



EQU 
EQU 



$ 3 
$ 3 1 



Allocate RAM area for pulse count result 
in Hexadecimal 



LMID $8. PMR Select R33/INT-L as INT^^ 

LMID $1, ST RTF Store Flag indicating start of pulse count 



CALL 


PLSCNT 


REMD 


0, STRTF 


CALL 


P LSCNT 


LMAD 


WO RK 1 


LAB 




LMAD 


WORK 2 



• Call PLSCNT and start pulse count 

• Clear flag indicating end of pulse count 

• Call PLSCNT and end pulse count 

Store Hexadecimal pulse count in return 
argument into RAM area 



5. Basic Operation 

(1) TCB (timer/event counter) is initialized by writing $00 into TCR 
(timer/load register) . 

(2) TCB counts up so that at the point of ending pulse count, reading TCB 
will enable determination of the pulse count. 
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Program Module Name; COUNT PULSES 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: PLSCNT 



Flowchart: 



$ 7 -> 


TMB 






$ ^ T L RL 






$ -> 


T L RU 




PLSCNT 
STRTF=1 

"OjSTRTF^^O^ 



STRTF=0 



Set as event input from INT]^ pin 



Initialize timer load register 



PLSCT2 



TCBl 


J A 






A B 






TCBL A 









^ R T N ^ 



Load upper digit of timer/event counter 
into B register 



Load lower digit of timer/event counter 
into Accumulator 



106 HITACHI 



5 . 4 SUBROUTINE DESCRIPTION 



This application example calls no subroutines. 
5.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


010 




0000 




LLEN 


132 




00002 










TITLE 


INPUT PULSE 


COUNT 


00003 








>K 








00004 










RAM ALLOCATION )k>K)«()t()t(}t(>t()K)»(>t(}t()tc)t()K>lC)K>t(>K>K>K>K)K)t(3K>K)t<)((>l(}t<)t()t(>((>K)t(3tc)tc«)»C)K)t( 


00005 








)»( 








00006 








STRTF 


EQU 


$020 


START/STOP REQUEST FLAG 


00007 








HEXDAl 


EQU 


$04A 


HEXADECIMAL DATA (1-DIGIT) 


00008 








HEXDA2 


EQU 


$04B 


HEXADECIMAL DATA (2~DIGIT) 


00009 








HEXDA3 


EQU 


$04C 


HEXADECIMAL DATA (3~DIGIT) 


00010 








HEXDA4 


EQU 


$040 


HEXADECIMAL DATA <4-DIGIT) 


00011 








XHEXD 


EQU 


$4 


HEXADECMAL AND BCD DATA ADDR(X) 


00012 








YHHEX 


EQU 


$A 


2-BYTE HEXADECIMAL DATA LSD ADDR(Y) 


00013 








YHDEC 


EQU 


$2 


5-DIGIT BCD DATA LSD ADDR<Y) 


00014 








BAHEX 


EQU 


$E 


2-BYTE HEXADECIMAL DATA MSD ADDR<Y)+1 


00015 








BADEC 


EQU 


$7 


5-DI6IT BCD DATA MSD ADDR<Y)+1 


00016 








* 








00017 










SYMBOL 


DEFINITIONS **>K*Hc**)»oK)t<***)K*******>K**>tc***>K>»<)K*)»<*** 


00018 
















00019 








PMR 


EQU 


$004 


PORT MODE REGISTER 


00020 








TMB 


EQU 


$009 


TIMER MODE REGISTER 


00021 








TCBL 


EQU 


$00A 


TIMER/EVENT COUNTER B (LOWER) 


00022 








TCBU 


EQU 


$00B 


TIMER/EVENT COUNTER B (UPPER) 


00023 








TLRL 


EQU 


$00A 


TIMER LOAD REGISTER (LOWER) 


00024 








TLRU 


EQU 


$006 


TIMER LOAD REGISTER (UPPER) 


00025 










00026 














* 


00027 












VECTOR ADDRESSES * 


00028 








* 






* 


00029 








>k >t( >K )K )K >K )<( )K )K )K )K )k )K >K )k ))<)<( )K )t( )t( >t< >k )k )tc )k >K >K >K >K >K >K )K )<( >K )t( )K )K >t( )*( >k )tc >^ 


00030 
















00031 










ORG 


$0000 




00032 
















00033 


150 


010 


0000 




JMPL 


PLSMN 


RESET 


00034 


150 


010 


0002 




JMPL 


PLSMN 


INTO 


00035 


150 


010 


0004 




JMPL 


PLSMN 


INTl 


00036 


150 


010 


0006 




JMPL 


PLSMN 


TIMER-A 


00037 


150 


010 


0008 




JMPL 


PLSMN 


TIMER-B 


00038 








»< 








00039 










ORG 


$000C 




00040 








* 








00041 


150 


010 


OOOC 




JMPL 


PLSMN 


SERIAL 


00042 








>K )K >K )k >K >K >K >K >K >K )t< )k >K >K >t( >t( >t( }«( >K )K )K « )K >K )K >K >K >K )K )K « >K » )(( >k >t( « )t( )K « )K )K « 3K « 


00043 








* 






* 


00044 








* 




MAIN PROGURAM 


: PLSMN * 


00045 








* 






* 


00046 










00047 








* 








00048 










ORG 


$0010 




00049 
















00050 


OFO 




0010 


PLSMN 


LWI 


$0 


INITIALIZE W REGISTER 


00051 


1A8 


004 


0011 




LMID 


$8, PMR 


SELECT INTl 


00052 


lAl 


020 


0013 




LMID 


$1, STRTF 


SET START FLAG 


00053 


160 


036 


0015 




CALL 


PLSCNT 


START TO COUNT PULSE 


00054 


20F 




0017 




LBI 


15 


EXECUTE 200MS SOFTWARE TIMER 


00055 


23F 




0018 


PLSMNl 


LAI 


15 




00056 


21F 




0019 


PLSMN2 


LYI 


15 




00057 


002 




OOIA 


PLSMN3 


XSPY 
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00058 


218 




OOIB 




LYI 


8 




00059 


ODF 




OOlC 


PLSMN4 


DY 






00060 


31C 




OOID 




BPS 


PLSMN4 




00061 


002 




OOIE 




XSPY 






00062 


000 




OOIF 




NOP 






00063 


ODF 




0020 




DY 






00064 


31A 




0021 




BPS 


PLSMN3 




00065 


28F 




0022 




AI 


15 




00066 


319 




0023 




BPS 


PLSMN2 




00067 


OCF 




0024 




DB 






00068 


318 




0025 




BPS 


PLSMNl 




00069 


188 


020 


0026 




PEMD 


0. STPTF 


CLEAR STAPT FLAG 


00070 


160 


036 


0028 




CALL 


PLSCNT 


STOP COUNTING PULSE 


00071 


194 


04A 


002A 




LMAD 


HEXDAl 


LOAD HEX ENTRY ARGUMENT 


00072 


048 




002C 




LAB 






00073 


194 


048 


002D 




LMAD 


HEXDA2 


B REGISTER — > HEX. DATA AREA 


00074 


lAO 


04C 


002F 




LMID 


$0,HEXDA3 


CLEAR UNUSED HEX. DATA AREA 3 


00075 


lAO 


04D 


0031 




LMID 


$0.HEXDA4 


CLEAR UNUSED HEX. DATA AREA 4 


00076 


160 


047 


0033 




CALL 


HEX 




00077 


335 




0035 


PEND 


BPS 


PEND 





00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 



00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 



PLSCNT (COUNT PULSE) 



ENTRY : STRTF (START/STOP REQUEST FLAG) * 
RETURNS : ACCUMULATOR A,B REGISTER <2'S COMPLEMENT OF TCB)* 



)k >K 3K )K >K )K )t< )K 3t( )K )t( )K )K )K >K >K >t( >K >K >k )K )K >K >K >K >K >K >K )K )k )«< )K >K )<( )K >k )K )K >K >K >K >K >K >t< 



00088 


18C 


020 


0036 


PLSCNT 


TMD 


0, STRTF 


TEST START FLAG 






00089 


340 




0038 




BPS 


PLSCTl 








00090 


190 


OOB 


0039 




LAMD 


TCBU 


LOAD UPPER DIGIT 


OF TIMER/EVENT 


COUNTER 


00091 


0C8 




003B 




LBA 




-INTO B REGISTER 






00092 


190 


OOA 


003C 




LAMD 


TCBL 


LOAD LOWER DIGIT 


OF TIMER/EVENT 


COUNTER INTO A 


00093 


150 


046 


003E 




JMPL 


PLSCT2 








00094 


1A7 


009 


0040 


PLSCTl 


LMID 


$7,TMB 


SET EVENT INPUT 






00095 


lAO 


OOA 


0042 




LMID 


SO.TLRL 


CLEAR TIMER LOAD 


REGISTER 




00096 


lAO 


OOB 


0044 




LMID 


$0,TLRU 








00097 


010 




0046 


PLSCT2 


RTN 











224 
212 
290 
077 
349 
20F 
21A 



* NAME : HEX (CONVERT 2-BYTE HEXADECIMAL INTO 5-DIGIT BCD)* 

)« >K 

>K ENTRY : MD($04D-$04A) (2-BYTE HEXADECIMAL DATA) * 

* RETURNS : MD($046-$042) (5-DIGIT BCD DATA) * 

* * 

)K )K >K >K >K )k )(( >K )K >K >K )K >k >K >K >K >K )K )K >K )t< >K >K )|< >K )K )K )K >t( >K >K >K >K >K >K >K >K )K >K >K )K )K ><< >K * 



0047 
0048 
0049 
004A 
004B 
004C 
004D 



HEX 



HEX2 



LXI 

LYI 

LMIIY 

YNEI 

BPS 

LBI 

LYI 



XHEXD 
YHDEC 
$0 

BADEC 

HEXl 

$F 

YHHEX 



LOAD HEXADECIMAL ADDP(X) 
LOAD BCD DATA ADDR(Y) 
CLEAR BCD DATA ADDP(Y) 



LOAD SHIFT COUNTER 

LOAD HEXADECIMAL DATA ADDR(Y) 
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00115 


090 


004E 


HEX3 


LAM 




SHIFT HEXADECIMAL DATA 1-BIT LEFT 


00116 


OAl 


004F 




ROTL 






001 17 


050 


0050 




LMAIY 






001 18 


07E 


0051 




YNEI 


BAHEX 




00119 


34E 


0052 




BRS 


HEX3 




00120 


212 


0053 




LYI 


YHDEC 


LOAD BCD DATA LSD ADDR(Y) 


00121 


090 


0054 


HEX4 


LAM 




BCD DATA AREA *2+CA->ACCA 


00122 


OAl 


0055 




RGTL 






00123 


0A6 


0056 




DAA 




CONVERT INTO BCD DATA ? 


00124 


050 


0057 




LMAIY 




LOAD DECIMAL DATA 


00125 


077 


0058 




YNEI 


BADEC 


TEST IF CONVERSION IS COMPLETED 




354 


UUbr 




BRS 


HEX4 




00127 


OCF 


005A 




DB 




DECREMENT SHIFT COUNTER 


00128 


340 


005B 




BRS 


HEX2 


LOOP UNTIL SHIFT COUNTER = $F 


00129 


010 


005C 




RTN 






00130 






m 








00131 








END 
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SECTION 6. KEY MATRIX (8x4) 



6.1 HARDWARE DESCRIPTION 

6.1.1 Function 

Performs key scan of 8 x 4 key matrix, invalidating simultaneous 
depression of more than 2 keys by software, and converting valid key 
data into ASCII characters (A ~ Z or 1 - 6) . 

6.1.2 Microcomputer Operation 

The HMCS404C uses timer B to execute timer/event counter every 8 ms. 
Key scan is performed by an output strobe signal through port D during 
the interrupt routine and key scan data is fetched through port R. 

6.1.3 Peripheral Devices 

8x4 Key matrix : Keys to be depressed. 

6.1.4 Circuit Diagram 

Key scan control circuit is shown in Fig. 6.1. 



+5V 




Fig. 6.1. Key Scan Control Circuit 
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6.1.5 Pin Functions 



Pin functions at the interface between the HMCS404C and the key 
matrix are shown in Table 6.1. 



Table 6.1. Pin Functions 

Pin Name Input/ Active Level Pin Name 

(HMCS404C) Output (High or Low) Function (Key matrix) 

D3 Output Low Outputs strobe KR3 

signal 

D2 Output Low KR2 

Output Low KR]^ 

Dq Output Low KRq 

R50 Input Inputs key KCq 

data 

R5I Input KCi 

R52 Input KC2 

R53 Input KC3 

R90 Input KC4 

R9I Input KC5 

R92 Input KCg 

Rg3 Input KC7 



6.1.6 Hardware Operation 

The timing chart for key scan is shown in Fig. 6.2. 



Key depression ' 
signal 

ON 



Key fetch 
timing 

(Timer interrupt) 



Key data 
valid timing 



Fig. 6.2. Chatter Prevention Timing 

Key depression signal is checked every 8 ms. If key data is the same 
3 consecutive times, it is considered valid, and invalid otherwise. 



j j j j I j (T) First key data 

-| ' ' ' ' (2) Second key data 

® (D (3) X 

^ ^ ^ ^ ^ (3) Third key data 



® (D (3) 



r 



I 

Key data is 
valid 
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6.2 SOFTWARE DESCRIPTION 



6.2.1 Program Module Configuration 

The program module configuration for key scan of 8 x 4 key matrix is 
shown in Fig. 6.3. 



K8 4.MN 



Main 


li_ 

Program. 


4.SCN 




Key 


Ll 

Scan 



Fig. 6.3. Program Module Configuration 

6.2.2 Program Module Functions 

Program module functions are summarized in Table 6.2. 

Table 6.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 







Main Program 


K84MN 


Performs key 
and converts 


scan of 8x4 key matrix 
key data into ASCII 


1 


Key Scan 


K84SCN 


Performs key 
matrix 


scan of 8x4 key 
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6.2.3 Pro gram Module Process Flow (Main Program) 

The Flowchart in Fig. 6.4 is an example of a key scan of the 8X4 key 
matrix performed by the program module in Fig. 6.3. 



^ K 8 4 MN ^ 



K8 4MN 



$ - 


w 






$0— LDK YU 






$0->OLDKYL 






0-» 0, KEYONF 






$ 9 -» 


TMB 






$ 8 


T LRL 






$ F 


T L RU 






-> 


[ FTB 






-> I MTB 






1 -> 


I E 



Main Program 
Initialize W register 



CKEYONF K84MN1 

'- — 

0. KEYONF 




K84MN2 



0->0, KEYONF 



Clear RAM used by K84SCN 



Select auto-reload function and select 
Prescaler Divide Ratio as v 512 



Select timer interrupt cycle to 8 ms 



Clear timer B interrupt request flag 



Clear timer B interrupt mask 



— Enable interrupt 



Test if key is depressed 



Clear flag to indicate key is depressed 



Fig. 6.4. Program Module Sample Application 
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KE YDTU B 






KEYDTL->A 






Pattern $ 1 






A-* KEYDTL 






B KE YDTU 







^ E N 



Execute pattern instruction for storing 
ASCII corresponding to depressed key data 



8 4 SCN^ 



K84SCN 



KEY SCAN 



Timer interrupt routine 



Execute K84SCN to perform key scan 



^ RTN I ^ 



Fig. 6.4. Program Module Sample Application (Cont) 
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6.3 PROGRAM MODULE DESCRIPTION 



Program Module Name; KEY SCAN 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; K84SCN 



Function; 

Performs key scan of 8x4 key matrix to store key data in KEYDTU(RAM) and 
KEYDTL(RAM) . 



Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Key data KEYDTU 



KEYDTL 



Key data 
valid/ 
invalid 
flag 



KEYONF 



Changes in CPU 
Registers and Flags; 



B 



SPX 



SPY 



CA 



ST 



• ; Not Affected 
X ; Undefined 
I : Result 



Specifications ; 

1 word = 10 bits 
ROM (Words) : 141 
RAM (Digits) ; 13 
Stack (Digits) ; 
No. of cycles; 1870 
Reentrant; No 
Relocatable; No 
Interrupt OK?; No 



Description; 

1. Function Details 
(1) Argument details 

KEYDTU (RAM) : Stores upper digit of key data 
KEYDTL (RAM) : Stores lower digit of key data 

KEYONF (RAM): Contains Flag indicating whether or not key data is valid. 



Specifications Notes; 

The number of cycles indicate is that necessary to validate key data. 
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Program Module Name; KEY SCAN 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; K84SCN 



Description; 

Table 6.3. Flag Function 
Label bit Function 



KEYONF 



Indicates key data is invalid 
Indicates key data is valid 



(2) Example of K84SCN execution is 
shown in Fig. 6.5. If a key 
is pressed as shown in part @ 
of Fig. 6.5 , key data is 
stored in KEYDTU(RAM) and 
KEYDTL (RAM) . 

(3) K84SCN calls neither the program 
modules nor subroutines. 



User Notes 

The following procedure must be 
performed before K84SCN execution. 

(1) Initializes timer control/ 
status register B. 

(2) Sets IE to enable timer B 
interrupt. 



I Key "D" is pressed 
(in Fig. 6.1 of 
key scan control 
circuit) 



Return 
argument 



KEYDTUCRAM) 
:KEYDTL(RAN4) 
< ($05F,$05E) 
KEYONF(RAM) 
(0,$05D) 



KEYDTU KEYDTL 



1 




1 

4 


KEYONF 











1 



Fig. 6.5. Example of K84SCN 
Execution 



3 . RAM Allocation 




Fig. 6.6. RAM Allocation 



116 HITACHI 



Program Module Name: KEY SCAN 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: K84SCN 



Description; 



Label 



KE YONF 



KE YNMU 



KE YNML 



TOT LKY 



N EWKYU 



NEWKYL 



OLDKYU 



RAM 



b3 



MD ( $ 5 D ) 



b3 bO 



MD( $05C) 



b3 bO 



MD ( $ 5 B ) 



b3 bO 



MD($05A) 



b3 bO 



MD($05 9) 



b3 bO 



MD ( $ 5 8 ) 



b3 bO 



MD ( $ 5 7 ) 



bO 



Description 



Flag indicating whether or not key data 
is valid 



Upper digit for storing key number 



Lower digit for storing key number 



Stores total number of pressed keys 
in the present key scan 



Upper digit for storing current key 
data input 



Lower digit for storing current key 
data input 



Upper digit for storing previous key 
data input 



b3 bO 



OLDKYL 



Lower digit for storing previous key 
data input 



MD ( $ 5 6 ) 
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Program Module Name; KEY SCAN 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: K84SCN 



Description: 

Label 

P RDATU 



RAM 
b3 bO 



PRDATL 



MD ( $ 5 5 ) 
b3 bO 



MD ( $ 5 4 ) 



CH AT F L 




MD ( $ 5 3 ) 



b3 bO 



KEYDTU 



MD($05F) 



b3 bO 



KE YDTL 



MD($05E) 



Description 



Stores depressed key data (R9) 



Stores depressed key data (R7) 



Bit 0, 1: Stores counter for counting 
number of key scan data 
comparison 
Bit 3: Stores flag for indicating 

whether chatter elimination has 
been completed 

Upper digit for storing defined key 
number by key scan 



Lower digit for storing defined key 
number by key scan 
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Program Module Name: KEY SCAN 




MCU: HMCS402C/ 




Label: K84SCN 






HMCS404C/HMCS408C 













Description: 

4. Sample Application 



K 8 4. MN 1 



LM I D 


0, OLDKYU 


LM I D 


0, OLDKYL 


REMD 


KE YONF 


LM I D 


$ 9, TMB 


LM I D 


$ 8, TLRL 


LM I D 


$ F, TLRU 


REMD 


I MT B 


S EMD 


I E 


TMD 


KE YONF 


BR 


K 8 4. MN 1 


REMD 


KE YONF 



Clear RAM to be used 

Select timer B interrupt cycle to 8 ms 
and enable timer B interrupt 

Test if key is depressed 
Clear key depressed flag 



5. Basic Operation 

(1) Key scan is executed every 8 ms interrupt. At the beginning of K84SCN, 
key data valid/invalid flag KEYONF (RAM) is checked to determine whether 
or not previous valid key data has been processed. 

(2) Strobe signal (=low) is output through bits 0-3 of port D, and key scan 
data is fetched through port R. 

(3) Key scan data fetched in (2) is tested whether or not it is $FF. 

(a) If $FF, no key is depressed and key scan for next column is executed. 

(b) If not $FF, some key is depressed and what row of depressed key is 
tested. 

(i) Accumulator, containing key scan data, is shifted 1 bit right 
8 times. CA is determined. If CA is , it means a key is 
depressed. 

(ii) Key data is numbered from 1 to 32, based on position in 8x4 key 
matrix. Key data is stored in KEYNMU(RAM) and KEYNML (RAM) . 

(iii) TOTLKY(RAM) is incremented every time a key is depressed to check 
for chatter. If TOTLKY (RAM) ^ 1, key data is stored in 
NEWKYU(RAM) and NEWKYL (RAM) . If TOTLKY (RAM) > 1, key scan is 
completed since it indicates two keys are pressed at the same 
time . 
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Program Module Name: KEY SCAN 




MCU: HMCS402C/ 

HMCS404C/HMCS408C 




Label: K84SCN 













Description: 



(4) Key data (NEWKYU(RAM) and NEWKYL(RAM)) obtained in (3) is compared with 
previous key data (OLDKYU(RAM) and OLDKYL (RAM) ) . If they are the same, 
chatter counter (CHATFL (RAM) ) is counted up. When chatter counter 
becomes 3, key data is valid. If key data is valid, MSB of CHATFL (RAM) 
is set to 1 to indicate that key data is valid. CHATFL (RAM) includes 
both a counter and a flag. CHATFL (RAM) is cleared, when (NEWKYU(RAM) 
and NEWKYL(RAM)) data differs from (OLDKYU (RAM) and OLDKYL (RAM)) data 
or no key is depressed. 
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Program Module Name; KEY SCAN 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; K84SCN 



Flowchart; 



^ K 8 4 S CN^ 



K84SCN 




Clear timer B interrupt request flag 



B->-MR($E) Save register 



$ 1 


-^KEYNML 






$ 


-»KEYNMU 






$ 


-^TOTLKY 



$ 0->NEWKYU 






$ 0->NEWKYL 






- 




.84SN1 




R9-> PRDATU 






R5-*PRDATL 



Test if key data has been processed by 
main program 



Initialize RAM for key number 



Initialize RAM for number of depressed 
keys 



Initialize RAM for new key number 



PRDATU 
: PRDATL 

PRDATL 

=$F^x^RDATU 
: PRDATL 
=$FF 



Output strobe signal 



Load key scan data 



Test if a key is depressed every time 
strobe signal is output 



-> 


C A 






KE YNML + 8 
KEYNML 



KEYNMU+CA 
KEYNMU 



6 



Clear CA 



If no key is depressed, store next 
starting key number 



HITACHI 121 



Program Module Namet KEY SCAN 



MCU t HMCS402C/ 

HMC S4 04C/HMC S4 08C 



Label; K84SCN 



Flowchart: 




Initialize shift counter to test which 
key is depressed 



Shift key scan data 1 bit right 



- Test if key is depressed 



Test if key chatter is generated. 
If so, complete key scan 



Store depressed key number in RAM as 
key data 



Clear CA 



Increment RAM indicating key number 



Decrement shift counter 

Test if all keys have been checked 
whether or not they are depressed 
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Program Module Name; KEY SCAN 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; K84SCN 



Flowchart; 



K8 


4SN5 










1 


D (y) 




Output next strobe signal 


















Decrement Y register to execute key scan 
for next column 




NIMKYL-OLDKYL 



NEmyLMOLIKYU 



O 



$0->CHATFL 



K84SN7 



Test if key scan for all columns have 
been completed 



Test if a key is depressed this time 



Store current key data in RAM for next 
key scan. 

Clear RAM indicating number of key 
scan 



MR($D) ^ Y 



MR($E) ■> B 



MR($F) ->A 



T N 



Restore register 
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Program Module Name; KEY SCAN 



MCU ; HMCS402C/ 

Ht4CS404C/HMCS408C 



Label: K84SCN 



Flowchart: 



O 
O 



A#:CMPNUM 
K8 4SN9 




NEWKYL K84SN8 
=?tOLDKYL 

^NEWKYlT" 
^OLDKYL. 

NEWKYU =OLDKYL 
:?tOLDKYU_-^'-<; 

NEWKYlP 
OLDKYU 



NEWKYU 
L= OLDKYU 

^3,CHATFL=1 
^,CHATFL_ 

3,CHATFL =0 



3=CMPN 

A=CMPNUM 



CHATFL-f 1 
-►CHATFL 



1-*3,C 


HATFL 






NEWKYL-^ 
KEYDTL 






NEWKYU-" 
KEYDTU 






1->0,KEYONF 



Compare present key scan data with 
previous key scan data 



Test if key data is valid 



Test if key scan has been executed 3 
times 



Increment RAM indicating number of 
key scan 

Set flag to "1" to indicate key data 
is valid 



Store valid key number in return 
argument 



Set flag to "1" to indicate a key is 
depressed 
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6.4 SUBROUTINES 



This application example calls no subroutines. 
6.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


010 




0000 




LLEN 


132 




00002 








* 




TITLE KEY 


MATRIX (8*4) 


00003 










RAM ALLOCATION >»<**>K**>»<*>tc**>K>»< ******* 


00004 








* 








00005 








KEYDTU 


EQU 


$05F 


UPPER KEY DATA 


00006 








KEYDTL 


EQU 


$05E 


LOWER KEY DATA 


00007 








KEYONF 


EQU 


0.$05D 


KEY ON FLAG 


00008 








KEYNMU 


EQU 


$05C 


UPPER KEY NUMBER 


00009 








KEYNML 


EQU 


$05B 


LOWER KEY NUMBER 


00010 








TOTLKY 


EQU 


$05A 


TOTAL KEY NUMBER 


00011 








NEWKYU 


EQU 


$059 


UPPER NEW KEY DATA 


00012 








NEWKYL 


EQU 


$058 


LOWER NEW KEY DATA 


00013 








OLDKYU 


EQU 


$057 


UPPER OLD KEY DATA 


00014 








OLDKYL 


EQU 


$056 


LOWER OLD KEY DATA 


00015 








PRDATU 


EQU 


$055 


R9 PORT DATA 


00016 








PRDATL 


EQU 


$054 


R5 PORT DATA 


00017 








CHATFL 


EQU 


$053 


CHATTER CTR AND END FLAG 


00018 
















00019 










SYMBOL 


DEFINITIONS 




00020 
















00021 








TMB 


EQU 


$009 


TIMER MODE REGISTER B 


00022 








IFTB 


EQU 


0.$002 


IF OF TIMER B 


00023 








IMTB 


EQU 


l.$002 


IM OF TIMER B 


00024 








IE 


EQU 


0.$000 


INTERRUPT ENABLE FLAG 


00025 








TLRU 


EQU 


$00B 


TLR UPPER 


00026 








TLRL 


EQU 


$00A 


TLR LOWER 


00027 








CMPNUM 


EQU 


$2 


CHATTER NUMBER 


00028 










00029 














* 


00030 












VECTOR ADDRESSES * 


00031 
















00032 








« >k >k )t( )k )K >K )«< )k « >k >K sk >K >K )k )k )k >k « >K >k )t< » )k )k )K )k * « >k >tc >K )«( )K >K )tc >K )K )k >k >K )K >k 


00033 
















00034 










ORG 


$0000 




00035 
















00036 


150 


010 


0000 




JMPL 


J<84MN 


RESET 


00037 


150 


010 


0002 




JMPL 


K84MN 


INTO 


00038 


150 


010 


0004 




JMPL 


K84MN 


INTl 


00039 


150 


010 


0006 




JMPL 


K84MN 


TIMER-A 


00040 


150 


Ujo 


0008 




JMPL 


K84SCN 


TIMER-B 


00041 


000 




OOOA 




NOP 






00042 


000 




OOOB 




NOP 






00043 


150 


010 


OOOC 




JMPL 


K84MN 


SERIAL 


00044 










00045 














* 


00046 








* 




MAIN PROGRAM 


: K84MN * 


00047 








* 






* 


00048 








)K >k >K )l( >K >K >K >k >K )k )*( >K >K )K >K )k )K >K >K >k >k >k )k >k )k )K )k )k >k >K )k >k >k >k * >k )K )i( )K >K >k >k )k >k A 


00049 








* 








00050 










ORG 


$0010 




00051 








* 








00052 


OFO 




0010 


K84MN 


LWI 


$0 


INITIALIZE W REGISTER 


00053 


lAO 


057 


0011 




LMID 


0. OLDKYU 


INITIALIZE RAM 


00054 


lAO 


056 


0013 




LMID 


0. OLDKYL 




00055 


188 


050 


0015 




REMD 


KEYONF 




00056 


1A9 


009 


0017 




LMID 


$9, TMB 


INITIALIZE TMB 


00057 


1A8 


OOA 


0019 




LMID 


$8, TLRL 


INITIALIZE TLR 
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00058 


lAF 


008 


0018 




LMID 


SF.TLRU 




00059 


188 


002 


OOID 




REMD 


IFTB 


INITIALIZE IFTB 


00060 


189 


002 


OOIF 




REMD 


IMTB 


INITIALIZE IMTB 


00061 


184 


000 


0021 




SEMD 


IE 


ENABLE INTERRUPT 


00062 


18C 


05D 


0023 


K84MN1 


TMD 


KEYDNF 


TEST IF KEY DEPRESSED 


00063 


327 




0025 




BR 


K84MN2 




00064 


323 




0026 




BR 


K84MN1 




00065 


188 


050 


0027 


K84MN2 


REMD 


KEYDNF 


CLEAR KEY ON FLAG 


00066 


190 


05F 


0029 




LAMD 


KEYDTU 


LOAD KEY DATA 


00067 


0C8 




002B 




LBA 






00068 


190 


05E 


002C 




LAMD 


KEYDTL 




00069 


181 




002E 




P 


$1 


STORE ASCII CORRESPOND TO KEY DATA 


00070 


194 


05E 


002F 




LMAD 


KEYDTL 




00071 


048 




0031 




LAB 






00072 


194 


05F 


0032 




LMAD 


KEYDTU 




00073 


150 


034 


0034 


PENG 


JMPL 


PEND 


END OF PROGRAM 


00074 










00075 








* 








00076 










NAME ; 


: K84SCN (KEY SCAN) * 


00077 








* 








00078 










00079 
















00080 








* 


ENTRY ; 


: NOTHING 




00081 










RETURNS : 


: KEYDTU (UPPER 


KEY DATA) * 


00082 












KEYDTL (LOWER 


KEY DATA) * 


00083 












KEYDNF (INDICATES KEY ON) * 


00084 








* 








00085 








)K )k >K >K )k >K >k )K >K SK >K >l( )K >k )K >K )K )K )K >*( >K )k >K )k )(( )K )K )k )k )*( )t( )K >K >k )K )K )K » >k >k « >K >^ 


00086 


188 


002 


0036 


K84SCN 


REMD 


IFTB 


CLEAR TIMER B INTERRUPT REQUEST 81" 


00087 


2FF 




0038 




XMRA 


$F 


SAVE REGISTER 


00088 


048 




0039 




LAB 






00089 


2FE 




003A 




XMRA 


$E 




00090 


OAF 




0038 




LAY 






00091 


2FD 




003C 




XMRA 


$D 




00092 


18C 


050 


003D 




TMD 


KEYDNF 


TEST IF KEY DATA PROCESSED IM MAIN 


00093 


3A2 




003F 




BR 


K84SN7 




00094 


lAl 


058 


0040 




LMID 


Sl.KEYNML 


INITIALIZE KEY NUMBER (L) 


00095 


lAO 


05C 


0042 




LMID 


$0,KEYNMU 


INITIALIZE KEY NUMBER (U) 


00096 


lAO 


05A 


0044 




LMID 


SO.TOTLKY 


INITIALIZE TOTAL KEY NUMBER 


00097 


lAO 


059 


0046 




LMID 


$0,NEWKYU 


INITIALIZE CURRENT KEY(U) 


00098 


lAO 


058 


0048 




LMID 


SO.NEWKYL 


INITIALIZE CURRENT KEY(L) 


00099 


213 




004A 




LYI 


$3 


OUTPUT STROBE SIGNAL 


00100 


064 




0048 


K84SN1 


RED 






00101 


259 




004C 




LAR 


$9 


LOAD R9 PORT DATA(L) 


00102 


194 


055 


004D 




LMAD 


PRDATU 




00103 


255 




004F 




LAR 


$5 


LOAD R5 PORT DATA(U) 


00104 


194 


054 


0050 




LMAD 


PRDATL 




00105 


12F 


054 


0052 




INEMD 


SF.PRDATL 


TEST IF KEY IS PRESSED 


00106 


365 




0054 




BRS 


K84SN2 




00107 


12F 


055 


0055 




INEMD 


$F. PRDATU 




00108 


365 




0057 




BRS 


K84SN2 




00109 


OEC 




0058 




REC 




CLEAR CARRY 


00110 


238 




0059 




LAI 


$8 


STORE NEXT KEY NUMBER 


00111 


118 


058 


005A 




AMCD 


KEYNML 




00112 


194 


058 


005C 




LMAD 


KEYNML 




00113 


230 




005E 




LAI 


$0 




00114 


118 


05C 


005F 




AMCD 


KEYNMU 
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uui io 


194 


U3L 


nn^i 

UUoi 




LMAD 


K.t TNrlU 




001 16 


ioU 


08F 


UUo J 




JMPL 


K84SN5 




001 17 


9n7 

^U f 




UUOD 




1 RT 
LOl 




TMTTTAI T7P CUTPT f^ni IMTPD 


00118 


1 on 

iVU 


055 


UUOO 


ISO'+olMJi 


LAMD 


PDHATI 1 

rr\UH 1 u 


TCCT TC l/CY TC DDCCCCH 


nn 1 1 o 

UU i i 7 


nz^n 

UHU 




0068 




ROTR 






00 120 


194 


055 


0069 




LMAD 


PDOATI 1 




00121 


1 on 
J. yu 


054 


UUOO 




LAMD 


PRDATL 




UU J. 


n^n 

UHU 




006D 




RGTR 






00123 


1 94 


054 


nn^P 
uuot 




LMAD 


PRDATL 




00 124 


06F 




0070 




TC 




TPCT PADDY 
1 to 1 LHKn T 


nm 9c: 

UUl .^D 


382 




nn7i 

UU f i 




BRS 


I/O A CM/l 




UU JLzO 


1 

z_> i 




0072 




LAI 


$ 1 


TMPDCMCMT TnTAI l/CV Ml IKXDCD 

INLntntlN 1 1 U 1 HL KtT IMUnotK 


UUi ^ f 


1 08 


05A 


nn77 

UU r J 






1 U 1 Lis T 




00128 


1 94 


05A 


nn7c; 

UU ( o 




LMAD 


TOTLKY 




001 29 


1 32 


05A 


nn77 

UU ( f 






1 1 U 1 T 


PUPPW l/PY rUATTPD f^PMPDATTnM 
LntLK. KtT LriH 1 1 tn LatiNtKH 1 iUlM 


00130 


3A2 




nn7o 
UU I y 




BRS 


K84SN7 




00131 


1 on 
I vu 


UDD 


nn7^ 

UU f H 




LAMD 


k'PYMMI 
(St T IMnL 


^TDDP l/PY HAT A TM MPl.ll/PY (\ ^ 
O 1 Unt l\tT UH 1 H ilM iNtWIVtT L / 


nn 1 x'y 

UUi^^ 


194 


058 


nn7r 

UU f L. 




LMAD 


IMtWKTL 




00133 


1 on 
lyu 


05C 


nn7f: 

UU ft 




LAMD 


t\t T INnU 


^THDP WPY HAT A TM MPl.ll/PY (\\\ 
o 1 Unt KtT UH 1 H IIM NtWKtT \\J ) 


00134 


194 


059 


0080 




LMAD 


INC Wt\ T U 




00 1 35 


OEC 




nnA7 

UUOZ 


(\OH CilMf 


REC 




PI PAP PAOPY 


00136 


231 




UUOJ) 




LAI 


$1 


TMPDPMPMT [/"PY Ml IMRPR 


nm X7 

UUi J 1 




U3D 


0084 






l/P YMMI 
Ist T INriL 




00138 


1 94 


05B 


nnQA 

UUOO 




LMAD 


l/PYMMI 
Ist T IVImL 




nm "Ko 

UUi JT 


Z jU 




nnnn 
UUOO 




1 

LHi 


«n 
*u 




nm <4.n 
UU 1 *+u 


118 


U3L 


nnno 
uuoy 




AMCD 


i/PYMMI 1 




nn 1 1 

UU i S I 


1 94 


ncr 

UOL 


008B 




LMAD 


1/CVMMI 1 

l\t TiMnU 




00 142 


nrc 
ULr 




0080 




DB 




nPPDPMPMT CUTPT PPII IMTPD 
utLKtntIM 1 isnlr 1 LUUIN 1 tn 


00143 


366 




nnnc 
uuot 








TP^T TP R C3TT^ CUTPTPn 
1 to 1 ir o Dl 1 o otiir 1 tU 




ncA 

UtH 




008F 


l/Qy' CMC 


SED 




CPT npPlPT 
ot 1 UrUK 1 


00 145 


OOF 




nnon 

UUtU 




DY 




ni ITPI IT MPYT ^TPnBP <^Tf5NAl 
UU 1 rU 1 IMtA 1 o 1 nUDt oioriHL 


00 146 






009 1 






l/Q / CM 1 


TPCT TP CPAM Al 1 PriMPI PTPPi 
1 to 1 ir oLHIM HLL LUnrLt 1 tU 


nm /i.7 

UUlH r 


1 on 
i ^u 


nco 
uoy 


0092 






n MPl.ll/YI 1 
U • INtWIs TU 




nm 

UU 1 HO 


3A8 




0094 




BRS 


S/QA CMQ 

KoH JiNo 


TPCT TP MPl.l [/"PY TC DDPCCPH 

1 to 1 ir NtW KtT io rntootU 


00 149 


1 '^n 
I zu 


ncn 

U30 


nnoc 




ilNtnU 


n MPl.ll/YI 
U • INtWtS TL 




nn 1 cn 

UUlDU 


3A8 




0097 




BRS 


!/□/'. CMQ 




nm c: 1 


1 on 
i yu 


Uoo 


0098 


ISOHolNO 


LAMD 


MPl.lWYI 

INcWIvTL 


CTPIDP MPl.ll/PY TM ni ni/PY (\ ^ 
O 1 Unt IMtWKtT ilN ULUKtT \\- ) 


00152 


194 


U30 


009A 




LMAD 


ULUIvTL 




00153 


1 on 
i yu 


nt^o 
UDy 


nnor 
uuyu 




LAMD 


MPIill/YI 1 
IMCWIv T U 


CTHDP MPIJk'PY TNI HI Hk'PY (W^ 
O 1 unt INtWKt T ilN UUUKtl \\j / 


00154 


194 


057 


009E 




LMAD 






00155 


1 AO 


053 


OOAO 




LMID 


■*u • unM 1 r i_ 


PI PAR PWATTPR PHI INTFP 


001 56 


27D 




00A2 


inOHoIM f 


LAMR 


$D 


RP^TnPP RPRT^TPR 
rXto 1 Unt ntuio 1 tn 


00157 


0D8 




00A3 




LYA 






00158 


27E 




00A4 




LAMR 


$E 




00159 


0C8 




00A5 




LBA 






00160 


27F 




00A6 




LAMR 


$F 




00161 


Oil 




00A7 




RTNI 






00162 


1 on 
i yu 


058 


00A8 




LAMD 


MPl.lk'YI 




00163 


104 


056 


OOAA 




ANEMD 


OLDKYL 




00164 


398 




OOAC 




BRS 


K84SN6 


NEWKEY = OLDKEY ? (L) 


00165 


190 


059 


OOAD 




LAMD 


NEWKYU 




00166 


104 


057 


OOAF 




ANEMD 


□LDKYU 




00167 


398 




0081 




BRS 


K84SN6 


NEWKEY = OLDKEY ? (U) 


00168 


18F 


053 


00B2 




TMD 


3,CHATFL 


TEST IF KEY DATA IS VALID 


00169 


3A2 




00B4 




BRS 


K84SN7 




00170 


237 




0085 




LAI 


$7 


TEST IF KEY SCAN EXECUTED 3 TIMES 


00171 


19C 


053 


0086 




ANMD 


CHATFL 





HITACHI 127 



00172 


2B2 




00B8 


ALEI 


CMPNUM 




00173 


3C8 




00B9 


BRS 


K84SN9 




00174 


187 


053 


OOBA 


SEMD 


3.CHATFL 


SET CHATTER FLAG 


00175 


190 


058 


OOBC 


LAMP 


NEWKYL 


STORE NEWKEY IN KEYDATA <L) 


00176 


194 


05E 


OOBE 


LMAD 


KEYDTL 




00177 


190 


059 


OOCO 


LAMD 


NEWKYU 


STORE NEWKEY IN KEYDATA <U) 


00178 


194 


05F 


00C2 


LMAD 


KEYDTU 




00179 


184 


05D 


00C4 


SEMD 


KEYGNF 


SET KEY DATA VALID FLAG 


00180 


150 


0A2 


00C6 


JMPL 


K84SN7 




00181 


231 




00C8 


K84SN9 LAI 


$1 


INCREMENT CHATTER COUNTER 


00182 


108 


053 


00C9 


AMD 


CHATFL 




00183 


194 


053 


OOCB 


LMAD 


CHATFL 




00184 


150 


0A2 


OOCD 


JMPL 


K84SN7 





00185 >K>K>k>K)k>k>k)(c)k>K>k)K3t(>k>K>K)K>K>t(>K)K)«c>K>(()K>K>l(«)t()K}K)K>K><<>K>K>K>K>K)k><()^ 

00186 * )K 

00187 * DATA TABLE * 

00188 * * 

00190 * 



00191 






ORG 


$0101 


00192 




* 






00193 


141 


0101 


DC 


$141 


00194 


142 


0102 


DC 


$142 


00195 


143 


0103 


DC 


$143 


00196 


144 


0104 


DC 


$144 


00197 


145 


0105 


DC 


$145 


00198 


146 


0106 


DC 


$146 


00199 


147 


0107 


DC 


$147 


00200 


148 


0108 


DC 


$148 


00201 


149 


0109 


DC 


$149 


00202 


14A 


OlOA 


DC 


$14A 


00203 


14B 


OlOB 


DC 


$14B 


00204 


14C 


OlOC 


DC 


$14C 


00205 


14D 


OlOD 


DC 


$14D 


00206 


14E 


OlOE 


DC 


$14E 


00207 


14F 


OlOF 


DC 


$14F 


00208 


150 


0110 


DC 


$150 


00209 


151 


0111 


DC 


$151 


00210 


152 


0112 


DC 


$152 


00211 


153 


0113 


DC 


$153 


00212 


154 


0114 


DC 


$154 


00213 


155 


0115 


DC 


$155 


00214 


156 


0116 


DC 


$156 


00215 


157 


0117 


DC 


$157 


00216 


158 


0118 


DC 


$158 


00217 


159 


0119 


DC 


$159 


00218 


15A 


OllA 


DC 


$15A 


00219 


131 


OllB 


DC 


$131 


00220 


132 


one 


DC 


$132 


00221 


133 


OllD 


DC 


$133 


00222 


134 


OllE 


DC 


$134 


00223 


135 


OllF 


DC 


$135 


00224 


136 


0120 


DC 


$136 


00225 




* 






00226 






END 
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SECTION 7. FLUORESCENT DISPLAY TUBE CONTROL 



7.1 HARDWARE DESCRIPTION 



7.1.1 Function 



Displays "76543210" on fluorescent display tube by control signals 
from the HMCS404C. 

7.1.2 Microcomputer Operation 

HMCS404C utilizes a timer/event counter every 7 ms with timer B to 
output segment data through port R and digit data through port D. 

7.1.3 Peripheral Devices 

Fluorescent Display is driven dynamically at a frame frequency of 
100 Hz and duty rate of 1/8. 

7.1.4 Circuit Diagram 

8-segment x 8-digit fluorescent display control circuit is shown in 
Fig. 7.1. 



1 



: loyFzb 



HD74HC14 
-^>o |>o ^>o- 

22pF 



4MHz Cn iMfi 



22pF 



r 



MCU 
HMCS404C 
HMCS402C 
HMCS408C 



OSCi 

OSC2 

GND 



R20 
R21 
R22 
R23 

Rlo 

Rll 

R12 

Rl3 

D15 

Di4 

Dl3 

DI2 

DU 

DiO 

Dg 

D8 



Fluorescent Display 
(8seg. X 8dig. ) 




Fig. 7.1. Control for 8-segment x 8-digit Fluorescent Display Tube 
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7. 1 . 5 Pin Functions 



Pin functions at the interface between the HMCS404C and fluorescent 
display tube are shown in Table 7.1. 

Table 7.1. Pin Functions 
Active 



Pin Name 
(HMCS404C) 


Input/ 
Output 


Level 
(High or 
Low) 


Function 


Pin Name 

(Fluorescent 

display) 


^8 


Output 


High 


Outputs digit data to 


DIGl 


Dg 


Output 


High 


fluorescent display tube 


DIG2 


^10 


Output 


High 




DIGS 


Dll 


Output 


High 




DIG4 




Output 


High 




DIGS 


^13 


Output 


High 




DIG6 


^14 


Output 


High 




DIG7 


Dl5 


Output 


High 




DIGS 


Rio 


Output 


High 


Outputs segment data to 


d 


Rll 


Output 


High 


fluorescent display tube, 
"a-h" in Pin Name 


c 


Rl2 


Output 


High 


(Fluorescent display) 


b 


Rl3 


Output 


High 


correspond to segment 
pattern below 


a 


R20 


Output 


High 




h 


R21 


Output 


High 


1 « h 


g 


R22 


Output 


High 


1 1 


f 


R23 


Output 


High 


Segment Pattern 


e 
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7.1.6 Hardware Operation 

Fluorescent display tube timing at frame frequency 100 Hz, duty 1/8 
is shown in Fig. 7.2. 



Digit 10 



- - Digit 10" 



Rn o- 

Segment i ^ 



Signal |^ R23 o- 



I I 



l_l 
I I 



TT 



i_i 
I I 



ij 
I I 



i_i 
I I 



i_i 
I I 



i_i 

T 



i_i 

I I 



D,5 D,4 Di3 D,2 Dii Dio Do Dg 



Digit signal 



Digit 
Signal 



Digit 10" ON 



-Digit 10-^ ON 



r 



Digit 10^ ON 



Digit 10^ ON 




Digit 10^ Digit 10^ 



Fig. 7.2. Timing of Segment Signal and Digit Signal 
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7.2 SOFTWARE DESCRIPTION 

7.2.1 Program Module Configuration 



Program module configuration for display on 8-segmentx8-digit 
fluorescent display tube is shown in Fig. 7.3. 



FLMN 





b. 


Main Program 


FLDSP 




Drive 


L 


Fluorescent 


Display Tube 



Fig. 7.3. Program Module Configuration 

7.2.2 Program Module Functions 

Program module functions are summarized in Table 7.2. 

Table 7.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


FLMN 


Demonstrates display on 
fluorescent display tube 


1 


Drive Fluorescent 
Display Tube 


FLDSP 


Displays digits on fluorescent 
display tube using dynamic drive 
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7.2.3 Program Module Process Flow (Main Program) 



The flowchart in Fig. 7.4. is an example of the 8~segment x 8-digit. 
Fluorescent display tube display performed by the program modules in 
Fig. 7.3. display example is shown in Fig. 7.5. 



$ 8 — DI GIT 



$ 8 T M B 



$ — I MT E 



Main program 
Initialize W register 
Initialize counter for digit output 
Select Prescaler Divide Ratio as ^ 32 
Clear interrupt request mask flag 
Enable interrupts 



$1-+DRAM+1 



$2— DRAM+2 



$4-»DRA.M+4 



$5-»DRAM+5 



$ 6-^DRAM+ 6 



$7-*DRAM+7 



Transfer segment data from data table to 
display RAM 



^ E N 



^ F L D S 



FLDSP 




Drive 

Fluorescent 
Display Tube 



--[ 



Timer B interrupt routine 



Display digit on fluorescent display tube 
using dynamic drive 



T N 



Fig. 7.4. Program Module Flowchart 
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n 
1 


cn 


5 




3 




1 
1 


n 
u 



Fig. 7.5. Example of S-segment x 8~digit Fluorescent Display 
Tube Display 



) 
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7.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: 




MCU: HMCS402C/ 




Label: fldsp 


Drive Fluorescent Display Tube 




HMCS404C/HMCS408C 













Function: Drives dynamically fluorescent display tube consisting of 8-segment 
8-digit. 



Arguments : 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Display 
data 



DRAM 
(RAM) 



Re- 
turns 



Changes in CPU 
Registers and Flags; 



A 


B 


• 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


• 



• : Not Affected 
X : Undefined 
I : Result 



Specifications: 

1 word = 10 bits 
ROM (Words) : 38 
RAM (Digits) : 9 
Stack (Digits) : Q 
No. of cycles: 41 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 
1. Function Details 

(1) Argument details 

DRAM (RAM): Holds display data 
for each digit. 

(2) Fig. 7.6 shows an example of 
program module FLDSP execu- 
tion. If entry argument is 
held as shown in part Q of 
Fig. 7.6 fluorescent displays 
as shown in part (2) of 

Fig. 7.6. 



(T) Entry argument 

Display data (76543210) 



DRAM 

MD ($04F-$048) 



3? ID 



Pattern 
instruction 



Fluorescent display 



(2) Result I 



n 


cn 


5 


l_l 


"I 




f 


n 


1 




1 


_l 


/_ 


1 


u 



Fig. 7.6. Example of FLDSP Execution 



Specifications Notes: 
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Program Module Name: 

Drive Fluorescent Display Tube 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: FLDSP 



Description: 

Table 7.3. Segment Data and Corresponding Display 



Segment data 


Display 


Segment data 


Display 


$3F 





$66 


H 


$06 


1 
1 


$6D 


5 


$5B 


? 


$7D 


6 


$4F 


3 


$07 


n 
1 



(3) Table 7.3 shows relation between segment data by pattern instruction 
and actual display. 

(4) FLDSP calls neither program modules nor subroutines. 
User Notes 

(1) Data shown in Table 7.3 is allocated as a data table. 

(2) Timer B is initialized before program execution. 

(3) IFTB is cleared to enable timer 2 interrupt. 

(4) Ports Ri and R2 are used to output display data through use of the P 
instruction in module FLDSP. 

(5) High voltage ports are used to drive the fluorescent display tube. 
RAM Allocation 





F|E 


D 


C 


1 r 1 

B 1 A I 9 1 8 


7 


6 1 5 

1 


4. I 3 


2 


1 





2 


1 
1 






1 1 ' 






1 

1 


J 






3 


1 






1 1 1 


1 




1 
1 

1 _ 




L. 










4 






1 
1 


5 






! 


— i— 








6 


r 1 n 1 ; ! ! 




1 

JL 


1 

H— 1 — J 









Fig. 7.7. RftM Allocation 
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Program Module Name: 

Drive Fluorescent Display Tube 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: FLDSP 



Description: 

Label 

DRAM 



RAM 



b31 



MD ( $ 4 F'-S 4 8) 



bO 



Description 



Stores display data 
for pattern 



DIGIT 



b3 



bO 



MD ( $ 3 7 ) 



Stores Y register pointer to Port D and counter 
indicating which digit is being displayed 



4. Sample Application 



LM I D 


$ 8, D I G I T- 


LMI D 


$ 3, TMB 


REMD 


IMTB 


S EMD 


I E 


Store display data in 
display RAM 


ORG 


$ 1 F 


DC 


$ 2 3 F 


DC 


$206 


DC 


$25B 


DC 


$24F 


DC 


$266 


DC 


$26D 


DC 


$27D 


DC 


$207 



Initialize RAM indicating Port D pointer 
and digit output counter 

Select timer mode register 
Clear interrupt request mask 
Enable interrupt 



Segment data 
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Program Module Name: 




MCU: HMCS402C/ 




Label: FLDSP 


Drive Fluorescent Display Tube 




HMCS404C/HMCS408C 













Description: 



5. Basic Operation 

(1) Previous digit display is turned off and next digit is displayed at 
every timer interrupt. 

(2) DRAM (RAM) is used as counter for display digits and Y register pointer 
to Port D. 

(3) Increments Y register for pointer to Port D and counter for display 
digit. 

(4) Data stored at the address indicated by Accumulator, B register 
and operand of the pattern instruction is transferred to Port R^^ 
register and Port R2 register, using the table look-up function 
of the pattern generation instruction. 



Register 

Program Contents ROM contents 




After executing the P instruction in the above program sequence, 
$06 is contained in Port Ri register and Port R2 register. 
($06 is stored in lower 8 bits of word located at $1F1.) 

Note: If dotted area (bit 8) is $2 as shown above, ROM data is 

transferred to Port R]_ register and Port R2 register after 
executing the P instruction. 

(5) Lower 8 bits of word stores segment data. 
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Program Module Name; 

Drive Fluorescent Display Tube 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; FLDSP 



Flowchart; 



FLDSP 



O-^I FTB 






MR($F)^A 






S P X - A 






MR($E)-^A 






X ^ 


S P X 






S P 


x: - A 






MR($D)*^A 






Y - A 






MR($C)<^A 






B-^MR($B) 






D I GI T-A 






A — Y 






-» 


D (y) 






S 


A 






A 


R 1 






A 


R 2 



Clear timer B interrupt request flag 



Save register 



Load counter indicating display digit 
and Port D pointer 



Initialize Port for digit signal and 
segment signal 
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Program Module Name ; 

Drive Fluorescent Display Tube 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: FLDSP 



Flowchart; 



$ 4 


-* X 






Y+ 1-*Y 




FLDSPl 



$ 8 


— Y 










Y A 






A-*D I G I T 






M A 






$ F 


B 






Pattern $ 1 






1 


D(y) 






MR($B) B . 




MR($C)*-^A 






A — Y 












A X 






X<-^S PX 



Load pointer for X register 

Increment counter indicating display 
digit and port D pointer 

Test if all 8 digits are displayed 
Initialize DRAM and port D pointer 



Initialize current display digit and 
port D pointer 



Load segment data 



Load "1" into digit indicated by 
counter 



Restore register 



140 HITACHI 



Program Module Name; 

Drive Fluorescent Display Tube 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; FLDSP 



Flowchart; 



MR($D)^A 



A X 



MR($F) <-^A 



T N 



Restore register 
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7.4 SUBROUTINE DESCRIPTION 



This application example calls no subroutines. 



7.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


136 




0000 




LLEN 


132 




00002 










TITLE 


FLUORESCENT 


DISPLAY CONTROL 


00003 
















00004 










RAM ALLOCATION jk******************************* 


00005 








* 








00006 








DIGIT 


EQU 


$037 


DIGIT DATA COUNTER 


00007 








DRAM 


EQU 


$048 


MOVE SEGMENT DATA TO DISPLAY RAM 


00008 








* 








00009 










SYMBOL DEFINITIONS )K>»c**>K**>»<)K***>»<>K**)t<*>K****>»c>K*>K* 


00010 
















00011 








TMB 


EQU 


$009 


TIMER MODE REGISTER B 


00012 








IFTB 


EQU 


0.$002 


IF OF TIMER B 


00013 








IMTB 


EQU 


1 . $002 


IM OF TIMER B 


00014 








IE 


EQU 


0.$000 


INTERRUPT ENABLE FLAG 


00015 










00016 








* 








00017 












VECTOR ADDRESSES * 


00018 








* 








00019 










00020 
















00021 










ORG 


$0000 




00022 








* 








00023 


150 


010 


0000 




JMPL 


FLMN 


RESET 


00024 


150 


010 


0002 




JMPL 


FLMN 


INTO 


00025 


150 


010 


0004 




JMPL 


FLMN 


INTl 


00026 


150 


010 


0006 




JMPL 


FLMN 


TIMER-A 


00027 


150 


02A 


0008 




JMPL 


FLDSP 


TIMER-B 


00028 










00029 








* 








00030 








* 




MAIN PROGRAM : 


FLMN * 


00031 














>»< 


00032 










00033 
















00034 










ORG 


$0010 




00035 
















00036 


OFO 




0010 


FLMN 


LWI 


$0 


INITIALIZE W REGISTER 


00037 


1A8 


037 


0011 




LMID 


$8, DIGIT 


INITIALIZE DIGIT DATA COUNTER 


00038 


1A3 


009 


0013 




LMID 


$3. TMB 


SELECT PRESCALER TO 1/32 


00039 


189 


002 


0015 




REMO 


IMTB 


CLEAR INTERRUPT REQUEST FLAG 


00040 


184 


000 


0017 




SEMD 


IE 


ENABLE INTERRUPTS 


00041 


lAO 


048 


0019 




LMID 


$0,DRAM 


■ MOVE SEGMENT DATA TO DISPLAY RAM 


00042 


lAl 


049 


0018 




LMID 


$1.DRAM+1 




00043 


1A2 


04A 


OOID 




LMID 


$2.DRAM+2 




00044 


1A3 


048 


OOIF 




LMID 


$3.DRAM+3 




00045 


1A4 


04C 


0021 




LMID 


$4.DRAM+4 




00046 


1A5 


04D 


0023 




LMID 


$5.DRAM+5 




00047 


1A6 


04E 


0025 




LMID 


$6,DRAM+6 




00048 


1A7 


04F 


0027 




LMID 


$7,DRAM+7 




00049 


329 




0029 


PEND 


BR 


PEND 


END OF PROGRAM 


00050 










00051 








An 






>♦< 


00052 








* 


NAME 


: FLDSP (DRIVE 


FLOURSCENT DISPLAY TUBE) ^ 


00053 








* 








00054 










00055 














* 


00056 










ENTRY 


: DRAM (DISPLAY DATA) * 


00057 










RETURNS 


: NOTHING 


* 
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00058 








* 




* 


00059 










00060 


188 


002 


002A 


FLDSP REMD 


I FT 6 


CLEAR TIMER 8 INTERRUPT REQUEST FLAG 


00061 


2FF 




002C 


XMRA 


$F 


SAVE REGISTER 


00062 


068 




002D 


LASPX 






00063 


2FE 




002E 


XMRA 


$E 




00064 


001 




002F 


XSPX 






00065 


068 




0030 


LASPX 






00066 


2FD 




0031 


XMRA 


$D 




00067 


OAF 




0032 


LAY 






00068 


2FC 




0033 


XMRA 


$C 




00069 


048 




0034 


LAB 






00070 


2FB 




0035 


XMRA 


$6 




00071 


190 


037 


0036 


LAMD 


DIGIT 


LOAD DIGIT DATA COUNTER 


00072 


008 




0038 


LYA 






00073 


064 




0039 


RED 




INITIALIZE PORT 


00074 


230 




003A 


LAI 


$0 




00075 


2D1 




0038 


LRA 


$1 




UUU r 6 


202 




003C 


LRA 


$2 




00077 


224 




0030 


LXI 


$4 


LOAD POINTER FOR X REGISTER 


00078 


05C 




003E 


lY 




INCREMENT DISPLAY COUNTER & D PORT POINTER 


00079 


353 




003F 


eR 


FLDSP2 


TEST IF 8 DIGITS ARE DISPLAYED 


UUUoU 


218 




0040 


LYI 


$8 




00081 


OAF 




0041 


FLDSPl LAY 




INITIALIZE CURRENT DISPLAY COUNTER & PORT 


UUU82 


194 


037 


0042 


LMAD 


DIGIT 




00083 


090 




0044 


LAM 






00084 


20F 




0045 


LBI 


$F 


OUTPUT DISPLAY DATA 


00085 


161 




0046 


P 


$1 




00086 


0E4 




0047 


SED 




LOAD 1 INTO DIGIT INDICATED BY COUNTER 


00087 


2FB 




0048 


XMRA 


$8 


RESTORE REGISTERS 


00088 


0C8 




0049 


LBA 






U0U89 


2FC 




004A 


XMRA 


$C 




r\r\r\Qri 

UUUVU 


0D8 




0046 


LYA 






00091 


2FE 




004C 


XMRA 


$E 




00092 


0E8 




0040 


LXA 






00093 


001 




004E 


XSPX 






00094 


2FD 




004F 


XMRA 


$D 




00095 


0E8 




0050 


LXA 






00096 


2FF 




0051 


XMRA 


$F 




00097 


Oil 




0052 


RTNI 






AA AQQ 


341 




0053 


FLDSP2 BRS 


FLDSPl 




AAAQQ 

(JUUrV 










00100 














00101 








* DATA TABLE 






00102 








* 






nni A"? 










00104 








* 






00105 








ORG 


$1F0 




00106 








>K 






00107 


23F 




OlFO 


DC 


$23F 


SEGMENT DATA 


00108 


206 




OlFl 


DC 


$206 


1 


00109 


258 




01F2 


DC 


$256 


2 


00110 


24F 




01F3 


DC 


$24F 


3 


00111 


266 




01F4 


DC 


$266 


4 


00112 


260 




01F5 


DC 


$260 


5 


00113 


270 




01F6 


DC 


$270 


6 


00114 


207 




01F7 


DC 


$207 


7 
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00115 
00116 
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SECTION 8. STEPPING MOTOR CONTROL 



8.1 HARDWARE DESCRIPTION 

8.1.1 Function 

(1) Drives stepping motor using the HMCS404C. 

(2) Uses 4-phase 2 exciting stepping motor. 

(3) 1 to 255 steps can be selected. 

(4) Controls slue pulse rate (slow-up, operating and slow-down) 
when 12 steps or more are selected. 

(5) Selects clockwise (normal) slue and counterclockwise (reverse) 
slue with stepping motor. Operates backlash when reverse 
slue is selected. 

8.1.2 Microcomputer Operation 

(1) Executes interrupt routine using 8-bit autoreload timer/event 
counter contained in the HMCS404C (hereinafter, timer B) . 

(2) Drives stepping motor by outputting pulses from port B by 
interrupt routine. 

(3) Generates slue-up and slue-down pulse rate by changing the 
timer load register (hereinafter TLR) value. 

8.1.3 Peripheral Devices 
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8.1.4 Circuit Diagram 



TEST 



i C3 I 



rlS2076 

HD74HC14 
-^>o Po ^>o- 



22pF 


51 


4MHz □ 




22pF 

7 


53 



MCU 
HMCS404C 
HMCS402C 
WcS408C 



OSCi 



OSC2 

GND 



R63 
R61 
R62 
R6C 



1^ 



'^li^f?^ Stepping ^^.^^D. 

r - — r TT "~ r"M^T^"~' 7" "" .. "1"" 



I 3A 



31 iok»x4r ^ rj. 



Fig. 8.1. Stepping Motor Control 

8.1.5 Pin Functions 

Pin functions at the interface between the HMCS404C and stepping 
motor are shown in Table 8.1. 



Table 8.1. Pin Functions 

Pin Name Input/ Active level 

HMCS404C Output (High or Low) Function 



Pin Name 
(Motor) 



R60 



Output 



Connects stepping 
motor 



R61 



^62 



%3 



Output 



Output 

Output 



B 
A 
B 
A 
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8.1.6 Hardware Operation 

The stepping motor supplies pulses at the HMCS404C I/O port as 
shown in Fig. 8.2. 



Reverse slue 



/ 



At initialization 

Normal slue 



A(R« ) 
B(R«,) 



"1 



! I 
I I 
I I 

I I 



_ I 
I I 



i_i_r 



step Count |4.|3[2|l|o|l[2|3|4>| 

ACRm) — I 
B(R82) T 



r 



J — L 




B B 



Re2 R-eo 

(2 exciting type) 



Fig. 8.2. Outline of Stepping Motor Operation 

Slue-up and slue-down pulse rate are supplied to the stepping motor 
every four steps as shown in Fig. 8.3. 



Operating pulse Slue-down pulse 
Slue-up pulse rate area rate area rate area 

ft 



Starts slue 



4 steps 



Stops slue 



Fig. 8.3. Outputs to the Stepping Motor 
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(1) The pulse rate changes every 4 steps for slue-up and slue-down. 

(2) In case of slue-up area to the operating pulse area, the pulse 
rate changes in 21 steps to gradually increase the slue speed. 

(3) In case of slue-down area to stop, the pulse rate changes in 
7 steps to gradually reduce the slue speed. 

(4) When reverse slue is selected, an additional one-step rotation, 
followed by a normal one-step rotation, is executed. 



8.2 SOFTWARE DESCRIPTION 



8.2.1 Program Module Configuration 

The program module configuration for stepping motor control is shown 
in Fig. 8.4. 



SMCLC 



Process 
Data 



SMMN 



. To 

Mam I — 

Program 



SMRE V 



Generate 
Stepping 
Motor Output 



Fig. 8.4. Program Module Configuration 



8.2.2 Program Module Functions 

Program module functions are summarized in Table 8.2. 



Table 8.2. Program Module Functions 

No. Program Module Name Label Function 







Main Program 



SMMN 



Rotates stepping motor 



Process Data 



SMCLC Calculates output data for slue- 
up, operating, slue-down and 
backlash by supplying total step 
count 



Generate Stepping 
Motor Output 



SMREV Supplies pulses to the stepping 
motor 
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8.2.3 Program Module Process Flow (Main Program) 



The flowchart in Fig. 8.5 is an example of the stepping motor 
rotation performed by the program module in Fig. 8.4. When the 
program module of Fig. 8.5 is executed, the stepping motor makes 201 
reverse slue, then one normal slue. 



^ smmn"^ 



S MMN I 



$ 


-» W 






$ 9 


A 






A ->PBDTR 






A ->PBSM 






0->SMS F 






$ B-» 


TMB 






0-> I MT B 






1 


I E 






0->FRFLG 


1 


$C8 

STEPU: 


STEPL 






$82 
HTLRD 


LTLRD 






$1 -> 
HUDTA 


LUDTA 






$30 -» 
HDDTA. 


LDDTA 






S M C L C 



Main Program 



Initialize W register 



Initialize each pin of the stepping motor. 
PBSM is RAM for loading data which is 
supplied to the stepping motor at port R 
at the beginning of each timer interrupt 
routine 



itialize stepping motor start flag 



Select auto-reload function and select 
prescaler divide ratio as t 32 



Clear timer B interrupt mask 
Enable interrupt 
~C ^^'"'^^ reverse slue data in entry argument 
Store 200-step data in entry argument 



^ E N 



Initialize WORK AREA for TCR 



Store the top address of slue-up and 
slue-down data table 



■ Determine values for processing of 
slue-up, operating, and slue-down, 
respectively, from the supplied step 
count 



Fig. 8.5. Program Module Sample Application 
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^ SMREV^ 
SMREV| 



Timer B interrupt routine 



Generate stepping 
motor output 



--[ 



Output to stepping motor 



^ RTN 



Fig. 8.5. Program Module Sample Application (Cont) 
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8.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: Process Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



SMCLC 



Function: 

Generates data for outputting to the stepping motor by the timer routine. 
Sets data for slue-up, operating, and slue-down after determining the backlash 
requirement. 



Arguments : 


1 digit = 4 


bits 


Contents 


Storage No. of 
Location Digits 


Entry 


Normal/ 
Reverse 
slue 
flag 


FRFLG 
(RAM) 


1 




Total 


STEPU 


1 




Step 


(RAM) 






Count 










STEPL 


1 






(RAM) 




Re- 


Slue-up 


HSUP (RAM) 


1 


turns 


data 


LSUP (RAM) 


1 




Hold data 


HSHOLD (RAM) 


1 






LSHOLD (RAM) 


1 




Slue-down 
data 


SDWN(RAM) 


1 




Remainder 
of step 


STEPE (RAM) 


1 




Normal/ 
Reverse 
slue flag 


FRFLG (RAM) 


1 




Slue start 
flag 


SMSF (RAM) 


1 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


X 


X 


SPX 


SPY 


X 


X 


W 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications; 

1 word = 10 bits 
ROM (Words) : 250 
RAM (Digits) : 27 
Stack (Digits) : 4 
No. of cycles: 1026 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description; 
1. Function Details 

(1) Argument details 
FRFLG: SMSF (RAM) 



Holds flag indicating slue direction and start of 
stepping motor rotation. Flag functions are shown in 
Table 8.3. 

Holds total step count. 
Contains slue-up data. 
LSHOLD : HSHOLD (RAM) : Contains operating data . 
SDWN (RAM) : Contains slue-down data. 
STEPE (RAM) : Contains remainder of total step count divided by 4. 



STEPU: STEPL (RAM) 
HSUP: LSUP (RAM) 



Specifications Notes: 
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Program Module Name: Process Data 




MCU; HMCS402C/ 




Label: SMCLC 






HMCS404C/HMCS408C 













Description: 

Table 8.3. Flag Functions 

Bit/Label 
Label SMSF FRFLG Function 



FLGl - Rotates stepping motor clockwise (normal) 





1 


Rotates stepping motor counterclockwise (reverse) 







Stops slue 



1 - starts slue 



(2) Fig. 8.6 shows an example of 
program module SMCLC 
execution. 

If entry arguments are held 
as shown in part Q of Fig. 
8.6, the remainders of slue-up, 
operating and slue-down are 
contained as shown in part (2) 
of Fig. 8.6. 



(3) SMCLC calls subroutines 
shown in Table 8.4. 



@ Entry 
arguments 



(2) Result 



b3 a«SF bO 



SMSF (RAM ) 
MD ( 2, $ 8 7 ) 



STEPU:STEPL(RAM) 
MD($0 3F, $0 3E) 



hsup:lsup(ram) 

MD( $039. $088 ) 



HSHOLD : LSHOLD ( RAM ) 
MD( $047. $046 ) 



S DWN ( RAM ) 
MD ( $ 4 5 ) 

STEPE ( RAM ) 
MD ( $ 5 1 ) 

SMSF{RAM)MD{ 2, $03 7 ) 

Slue Start (=1) 

FRFLG ( RAM ) MD ( 0, $037 

Reverse slue (=0) 



1 



1 



STEPU STEPL 

s □ 

BSUP LSUP 

Q] Q 

HSHOL D LSHDLD 

m □ 

SDIVN 

□ 

STEPE 

□ 

gyEF FRFLG 

) EE 



Fig. 8.6. Example of SMCLC Execution 
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Program Module Name: Process Data 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: SMCLC 









Description; 



Table 8.4. Subroutines Called in SMCLC 
Program Module/ 



Subroutine Name 


Label 


Function 


onir L-ing o— diu. 
Binary Data 


orlK 


onirus o— DiL. Dinary Qau.a m uo nynu 


Adding 8-bit 
Binary Data 


ADD 


Performs addition of 8-bit binary data in RAM, 
and stores result in RAM 


Subtracting 8-bit 
Binary Data 


SUB 


Performs subtraction of 8-bit binary data in 
RAM, and stores result in RAM 


Comparing 8-bit 
Binary Data 


CMP 


Determines larger than/smaller than relationship 
(>, =,<) of 8 -bit binary data of 2 group, 
and loads "$0" "$1" or "$2" into B register as 
a result 


Calculate 
Normal/Reverse 


SMFR 


Tests whether the slue is normal or reverse and 
sets the next data to the stepping motor 



Data 



User Notes 

When the slue is reverse, the maximum number of steps is $FE. When $FF is 
set, an exact slue data is not set. 

RAM Allocation 




Fig. 8.7. RAM Allocation 



Specifications Notes: "No. of cycles" in "Specification" represents the number of 
cycles required to execute data in the sample application. 
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Program Module Name; Process Data 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMCLC 



Description; 



Label 



RAM 



Description 



STEPU'.STEPL 



hi 



bO 



MD($03F. $03E) 



Stores total step count 



HSUP : LSUP 



b7 



bO 



MD( $0 39 , $038 ) 



Stores one-fourth of the step count 
due to slue -up 



b7 



bO 



HSHOLDILSHOLD 



MD($04.7 ,$046) 



Stores one-fourth of the step count 
due to operating 



S DWN 



b3 bO 



MD ( $ 4 5 ) 



Stores one- fourth of the step count 
due to slue-down 



S DWNW 



SMS F 



b3 bO 



MD ( $ 4. 4 ) 
b3 bO 



MD(2.$ 03 7 ) 



WORK AREA for SDWN 



Stores flag indicating start slue for 
the stepping motor 



STEPE 



b3 bO 



MD( $05 1) 



Stores remainder of a total step 
divided by 4 



b7 



bO 



HSTEPWILSTEPW 



MD ($043, $042) 



Stores WORK AREA for STEP 
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Program Module Name: Process Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMCLC 



Description: 



Label 



RAM 



Description 



b3 bO 



SCNTR 



HAUG : LAUG 



HADD : LADD 



HSHR : LSHR 



HM I N : LM I N 



HSUB : LSUB 



HCMD : LCMD 



1 



MD ( $ 5 ) 



hi 



bO 



MD($03D,$03C) 



b7 



bO 



MD($04.9,$04.8) 




MD( $04F , $04E) 




MD($04.1 ,$040) 



hi 



bO 



MD($0 4D,$04,C) 



hi 



bO 



MD($03B , $03A) 



Stores 4- step counter 



Holds 8-bit binary augend. 

After execution, contain addition result 



Holds 8-bit binary addend 



Holds 8-bit binary data to be 
shifted to right 



Holds 8-bit binary minuend. 

After execution, contain subtraction result 



Holds 8-bit binary subtrahend 



Holds the first 8-bit binary value 



HCMT : LCMT 



hi 



bO 



MD( $0 4.B , $04.A) 



Holds the second 8-bit binary value 
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Program Module Name: Process Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMCLG 



Description: 
•4. Sample Application 



WORKU 
WORKL 



EQU 


$ 5 5 1 


EQU 


$ 5 4. j 


S EMD 


SMS F 


L AM D 


WORKU ■ 


LMAD 


STEPU 


L AMD 


WORKL 


LMAD 


S T E P L . 



•Reserve memory byte for total step count 



Set normal/reverse flag to normal 
rotation 

Load the total step count into entry 
argument 



CALL 



SMC LC 



Call SMCLC and process the data 
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Program Module Name: Process Data 




MCU; HMCS402C/ 




Label: SMCLC 






HMCS404C/HMCS408C 













Description: 



5. Basic Operation 

(1) Tests whether slue is normal or reverse. If it is reverse, 1 is 
added to the total step count for backlush processing. 

(2) Slue-up and slue-down operations are executed every 4 steps. The total 
step count is multiplied by one-fourth. 

If the result is 2 or less, slue-up and slue-down are not executed. 

(3) If one-fourth the step count is 3 or more, values of slue-up data, 
operating data, and slue-down data are determined for slue-up and 
slue-down processing. 

(4) Slue-up of 21 steps and slue-down of 7 steps are executed. 

(5) Slue-up data, operating data, and slue-down data are shown in (a) 
to (c) , by one-fourth the step count "n" obtained in (3) and (4). 

(a) At n = 3 to 29, n = 2+4m (m = 1 to 6) 

slue-up data = one-fourth the total step count - (m+2) 
operating data = 
slue-down data = m 

(b) At n = 3 to 29, n < 2+4m (m = 1 to 6) 

slue-up data = one-fourth the total step count - (m+1) 
operating data = 
slue-down data = m 

(c) At n ^ 30 
slue-up data = 21 

operating data = one-fourth the total step count - 29 
slue-down data = 7 

(6) If one-fourth the step count is , STEPE (RAM) , the remainder of 
one-fourth the step count only is output. 

(7) If one-fourth the step count is n(l to 2) , a step count of "nx4+STEPE 
(RAM) " is output. 
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Program Module Name; Process Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMCLC 



Flowchart; 



^ SMCLC ^ 



SMCLC 



FRFLG= 1 




~ Test whether slue is normal or reverse 



For reverse slue, backlash processing is 
executed 



Store the remainder of total step counts 
to be processed divided by 4 



Divide total step counts to be processed 
by 4 to permit 4-step processing 
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Program Module Name: Process Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



SMCLC 



Flowchart 




Test if one-fourth the step count S 2 



Store "4" in SCNTR and "0" in SDWNW if 
one-fourth the step count ^ 3 



Store "2" in LSTEPW if one-fourth the 
step count ^ 3 



Store data to test slue-down in RAM 
if step count < 30 



Store data to test slue-up in RAM 
if step count < 30 
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Program Module Name: Process Data 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: SMCLC 









Flowchart; 




TEPL^ 

STEPL < 2 





CNTR 






$ 0-+HSHOLD 






$1-»L5 


JHOLD 




Test if one-fourth the step count = 2 



Store 4 in SCNTR(RAM) and 1 in LSHOLD 
when one- fourth the step counter is 2 



Test if one-fourth the step count = 1 



Store 4 in SCNTR(RAM) when one-fourth 
the step counter is 1 

Store only STEPE (RAM) value to enable 
rotation when one-fourth the step count 
is 



Store in HSHOLD, LSHOLD if one-fourth 
the step count ^1 



Store in HSUP, LSUP if one-fourth 
the step count ^ 2 



Store normal or reverse slue data for 
the stepping motor 

Set the flag for the stepping motor 
output 



^ R T 
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Program Module Name: Process Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SMCLC 



Flowchart: 



STEPU->HMIN 



STEPL->LMIN 



$1-^HSUB 



$ E-»L S U B 



SMCL6 



STEP^3 



STEPU->HMIN 






STEPL->LMIN 






$ 1 ->H SU B 






$D-^LSUB 






SUB 






HMIN -^HSHOLD 






LMINHLSHOLD 






$ 1-+HSUP 






$ 5 -» L S U P 






$ 7 -*S DWN 



SUB 




^TEP^30^ 

STEP<3 



Test if one-fourth the step counter = 30 



^ 



Store values of operating, slue-up, 
and slue-down if one-fourth the step 
counter ^ 30 
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Program Module Name; Process Data 



MCU ; HMCS4G2C/ 

HMCS404C/HMCS408C 



Label; SMCLC 



Flowchart: 



SMCL7 




Test if one-fourth the step count 
2 + 4n (n = 1 to 26) 



SMCLl 7 



$ 0-*H. 


3H0LD 






$0-*LSHOLD 



$0->HSHOLD 



$ 1-*LSH0LD 



Test if one-fourth the step count < 
2 + 4n (n = 1 to 26) 



Store in HSHOLD, LSHOLD if one-fourth 
the step count ^ 2 + 4n 



Store 1 in LSHOLD when one- fourth the 
step count = 2 + 4n 



6 
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Program Module Name; Process Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SMCLC 



Flowchart; 



SMCL9 



SDWNW->SDWN 






STEPL 


MHMIN 



Store SDWNW(RAM) value as slue-down data 



STEPL 


.->LMIN 






$ 0-»HSUB 






SDWNVi 





SUB 



HSHOLD-+HSUB 



LSHOLEKLSUB 



Store one-fourth the step count - 
(SDWNW(RAM) + operating data + 1) as 
slue-up data 



SUB 



$ 0-> 


HSUB 






$ l-> 


LSUB 



SUB 



HMIISHHSUP 



LMIISMLSUP 
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Program Module Name: 

Generate Stepping Motor Output 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Function: 

Outputs pulse to the stepping motor. 



Arguments : 


1 digit = 4 


bits 


Contents 


Storage No. of 
Location Digits 




Slue-up 


HSUP (RAM) 


1 


Entry 


data 


LSUP (RAM) 


1 




Operating 


HSHOLD (RAM) 


1 




data 


LSHOLD (RAM) 


1 




Slue -down 


SDWN (RAM) 


1 




data 








Remainder 


STEPE (RAM) 


1 




of the 








step 








Normal/ 


FRFLG (RAM) 


1 




reverse 








slue flag 








Slue 


SMSF (RAM) 


1 




start 








flag 






Re- 


Slue 


SMSF (RAM) 


1 


turns 


start 
flag 









Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


X 


X 


SPX 


SPY 


X 


X 


W 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications ; 

1 word = 10 bits 
ROM (Words) : 205 
RAM (Digits) : 23 
Stack (Digits) : 4 
No. of cycles: 83 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 








1. Function Details 






(1) Argument details 






FRFLG : 


SMSF (RAM) : 


Holds 


flag indicating rotation direction and rotation 






start 


of the stepping motor. Flag functions are 






shown 


in Table 8.5. 


STEPU : 


STEPL(RAM) : 


Holds 


total slue step count. 


HSUP : 


LSUP (RAM) : 


Holds 


slue-up data. 


HSHOLD: 


LSHOLD (RAM) : 


Holds 


operating data. 




SDWN (RAM) : 


Holds 


slue-down data . 




STEPE (RAM) : 


Holds 


remainder of the total step count divided by 4. 



Specifications Notes: 
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Program Module Name; 

Generate Stepping Motor Output 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Description: 








Table 


8.5. Flag Functions 




Label 


Bit/Label 
SMSF FRFLG 


Function 




FLGl 





Rotates stepping motor 


clockwise (normal) 




1 


Rotates stepping motor 
(reverse) 


counterclockwise 







Stops slue 






1 


Starts slue 





(2) 



Fig. 8.8 shows an example of 
SMREV execution. 
If the entry argument is 
held as shown in part @ of 
Fig. 8.8 outputs pulse to 
the stepping motor. 
Then, the slue start flag 
SMSF (RAM) is contained as 
shown in part (2) of Fig. 
8.8. 



(3) SMREV calls other routines 
shown in Table 8.6. 



@ Entry 

argument 



hsup:lsup(ram) 

MD($03 9. $038) 



HSHOLD : LSHOLD ( RAM ) 
MD($04 7, $046) 



HSUP LSUP 



SDWN(RAM) 
MD( $045 ) 



STEPE(RAM) 
MD( $0 5 1 ) 



SMSF(RAM)MD( 2, $0 3 7 ) 

Slue start (=1) 

FRFLG(RAM)MD(0, $03 7 

Reverse slue (=0) 



□ El 

HSHOLD LSHOID 

□ m 

SEWN 

m 

STEPE 

m 

SNEF FRFL G 



(2) Return 
argument 



SMSF ( RAM ) 
MD ( 2, $ 3 7 ) 



^ 3 SMSF 

EEE 



bO 



Fig. 8.8. Example of SMREV Execution 



Table 8.6. Program Modules and Subroutines Used in SMREV 
Program Module/ 



Subroutine Name 


Label 


Function 


Load normal/ 
Reverse slue data 


SMFR 


Tests whether slue is normal or reverse and 
stores next data in stepping motor 


Subtracting 
8--bit binary data 


SUB 


Performs subtraction of 8-bit binary data 
in RAM, and stores result in RAM 


Adding 8 -bit 
binary data 


ADD 


Performs addition of 8-bit binary data in 
RAM, and stores result in RAM 
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Program Module Name: 




MCU: HMCS402C/ 




Label: SMREV 


Generate Stepping Motor Output 




HMCS404C/HMCS408C 













Description: 



2. User Notes 

(1) Initializes timer B. 

(2) Clears bit IE to enable timer interrupt. 

3. RAM Allocation 





F 


E 


D 1 C ] B 


A 


9 1 8 1 7 
1 1 


6 


5 1 * 


! 

3 12 


1 1 


2 










1 1 
1 1 










3 




^^^^ ^^MxSOvsXX^ 






■ I 




4> 






— -]— T-- 








1 
1 






L 




5 






1 1 














6 






—\ 

1 i 




! 1 
— J— — . 




t 


— J 


1 1 
1 1 
1 1 ' 



Fig. 8.9. RAM Allocation 



Label 



HSUP : LSUP 



RAM 
hi 



bO 



MD ($039, $038) 



Description 



Stores one-fourth of the step count 
due to slue-up 



hshold:lshold 



SDWN 



hi 



bO 



MD($04 7,$046) 
b3 bO 



MD ( $ 4 5 ) 



Stores one-fourth of the step count 
due to operating 



Stores one-fourth of the step count 
due to slue -down 



b3 bO 



FRF LG 



SMS F 



MD ( , $ 3 7 ) 
b3 bO 



Stores flag indicating normal rotation 
of the stepping motor 



Stores flag indicating start slue 
for the stepping motor 



MD ( 2 , $ 3 7 ) 



166 HITACMI 



Program Module Name: 

Generate Stepping Motor Output 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Description: 

Label 

S CNTR 
S T E P E 



PBSM 



HAUG : L AUG 



HADD : L ADD 



HM I N : LM I N 



HSUB : LSUB 



RAM 



b3 bO 



MD ( $ 5 ) 



b3 bO 



MD($051) 



b3 bO 



MD ( $ 3 ) 



hi 



bO 













V \ \ \ N 











MD($03D,$03C) 



b7 



bO 



MD ($049, $048) 



b7 



bO 



MD($04 1, $040) 



b7 



bO 



MD($03B,$03A) 



b7 



bO 



HTLRD : LTLRD 



MD($03 2, $031) 



Description 



Stores 4-step counter 



Stores remainder of a total step divided 
by 4 



Stores data output to stepping motor 



Holds 8-bit binary augend. 

After execution, contain addition result 



Holds 8-bit binary addend 



Holds 8-bit binary minuend. 

After execution contain subtraction 

result 



Holds 8-bit binary subtrahend 



Stores WORK AREA for timer load 
register 
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Program Module Name: 

Generate Stepping Motor Output 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Description; 
Label 

hddta:lddta 



RAM 



b7 



bO 



MD ($034, $033) 



b7 



bO 



hudta: ludta 



Description 



Stores address for slue-down data 



Stores address for slue-up data 



MD ($036, $035) 



Sample Application 



WORKU 
WORKL 



EQU 
EQU 



$ 5 5 
$ 5 4 



Reserve memory byte for the total step 
counter 



LAI 


$ 9 








LMAD 


P B SM 






• Initialize the stepping motor 


LRA 


P BDTR, 








REMD 


SMS F 






• Set rotation stop 


LM I D 


$ 2., ltlrd' 




LM I D 


$B, HTLRD 




LM I D 








Initialize output timing to 


$ 2 . T L R L 








motor 


LM I D 


$ B, TLRU 




LM I D 


$ B, TMB 






S EMD 


I E 






•••• Enable interrupt 


REMD 


FRFLG 








LAMD 


WORKU 








LMAD 


STEPU 






•••• Load entry argument 


LAMD 


WORKL 








LMAD 


S T E P L 









CALL 



SMCLC 



Calculate entry argument 
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Program Module Name: 




MCU; HMCS402C/ 




Label: SMREV 


Generate Stepping Motor Output 




HMCS404C/HMCS408C 













Description: 



5. Basic Operation 

(1) Program module SMREV is called by the timer routine. 

(2) Outputs pulses one step to stepping motor every timer interrupt. 

(3) At the beginning of timer interrupt, timer timing (slue-up, operating 
and slue-down slue) which is held in advance and output to the 
stepping motor. 

(4) Following (3) , data to be output at the next timer interrupt is 
loaded. 

(5) Only the timer timing is held and no output is provided to the stepping 
motor, when the rotation start flag SMSF(RAM) is cleared. 

(6) Slue-up or slue-down output data is supplied to the stepping motor 
every 4-step. 

(7) To implement (6) , a test is performed to determine if the 4-step output 
is supplied within the same timing. Then, outputs are supplied in 

the sequence of slue-up, operating and slue-down. 

Normal/reverse slue is tested and if it is reverse, output for backlash 
is provided. 

(8) Timing data for slue-up and slue-down should be set in the data table 
in advance. 
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Program Module Name: 

Generate Stepping Motor Output 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Flowchart; 



^ SMREV ^ 



SMREV 




Clear timer B interrupt request flag 



Save registers 



Update the timer interrupt period 



Test if the output is supplied to the 
stepping motor 

Output to the stepping motor 



Decrement counter indicating output 
to the stepping motor in 4 steps 



Test if 4- step outputs are given to the 
stepping motor 
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Program Module Name; 

Generate Stepping Motor Output 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Flowchart; 




Initialize counter indicating output 
to the stepping motor in 4 steps 



Test if slue-up output is completed 



HSUP- 


->HMIN 






LSUP-^LMIN 






$ 0->HSUB 






$ 1->LSUB 






SUB 






HMIN-^HSUP 






LMIISHLSUP 



Decrement counter indicating output 
slue-up data 
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Program Module Name; 

Generate Stepping Motor Output 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMREV 



Flowchart; 



HUDTA->A 






A B 






A->HAUG 






LUDTA-^LAUG 






Pattern $ F 






A-*LTLRD 






B-*HTLRD 






$ 0-^HADD 






$ 1 -*L ADD 






A ] 


D D 








HAUG-^HUDTA 






LAUG-^LUDTA 



Set timing for next slue-up output 
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Program Module Name: 




MCU; HMCS402C/ 




Label: SMREV 


Generate Stepping Motor Output 




HMCS404C/HMCS408C 













Flowchart: 



SMREV 6 




STEPE- 


■^SCNTR 






$ 0->STEPE 



Pt^STEPJ 

0=STEPE 



■ Test if steady state output is 
terminated (Output of the remaining 
step count from the total step count to 
be processed divided by 4) 



Store steady state output 



SMREV 7 




^HSHDLD 



0=LSHOLD 



HSHOLEMHMIN 






LSHOLD-^LMIN 






$ 0-^HSUB 






$ SUB 






SUB 








HMIISHHSHOLD 






LMIISHLSHOLD 



Test if operating pulse rate output is 
completed 



Decrement counter indicating operating 
pulse rate output 
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Program Module Name; 

Generate Stepping Motor Output 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label; 



SMREV 



Flowchart; 




Ov^SDWN 



SMREV8 



$ 1 


A 






1 -» C A 






SDWN- 


-A-CA 
SDWN 



Test if slue-down output is completed 



Decrement counter indicating slue-down 
output 



HDDTA-*HAUG 







LDDTA->LAUG 






$ 0->HADD 






SDWN-^LADD 






ADD 






HAUG-^B 






LAUG->A 






Pattern $ F 






A-»LTLRD 






B-^HTLRD 



Initialize timing for the next slue-down 
output 
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Program Module Name: 

Generate Stepping Motor Output 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SMREV 



Flowchart; 



FRFLG= 1 



SMREV 9 




FRFLG-O 



0->SMSF 



$ 1->SCNTR 



1 -^F RF LG 



SMREV 3 



SMFR 



SMREV 4 



M R (9)*-^ Y 



G 



Test if backlash processing is needed 



Terminate output to the stepping motor 



Load output for backlash processing 



Store normal or reverse slue data for 
the stepping motor 



M R (8)'^^ X 



X 


SPX 


Y ^ 


SPY 



M R (7)^ Y 



M R (6)^ X 



X ^ 


SPX 


Y ^ 


SPY 



M R (5)^ B 



M R (4) A 



^ RTNI ^ 



Restore register 
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8 . 4 SUBROUTINE DESCRIPTION 



Subroutine Name; 

Calculate Normal/Reverse Rotation 
Data 



MCU t HMCS402C/ 

HMCS404C/HMCS408C 



Label: SMFR 



Function; 

Tests whether slue flag (FRFLG(RAM)) is normal or reverse, stores data for the 
next stepping motor output in PBSM (RAM) . 



Basic Operation; 



Tests whether slue is normal or reverse, and then performs shift. 

As a result, output data for one-step normal/reverse slue is obtained. 



Program Module Using This Subroutine : SMCLC , SMREV 



Flowchart : 



^ SMFR ^ 



SMFR 



PBS 


M-*A 






C A 




F'RFLG=0^ 
FRFLG=0 



FRFLG=1 



SMFR 3 



Test if slue is normal or reverse 



Shift to 1 bit 
right PBSM 



CA=0 




SMFR 4 



If normal, store data for the next 
stepping motor output 



CA=0 




If reverse, store data for the next 
stepping output 
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8.5 PROGRAM LISTING 



ST-NO OBJECT ADRS SOURCE STATEMENTS 

00001 207 0000 LLEN 132 

00002 TITLE STEPPING MOTOR CONTROL 

00003 * 



00004 


**** 


RAM ALLOCATION *: 




00005 


* 








00006 


PBSM 


EQU 


$030 


WORK AREA FOR PBDTR 


00007 


LTLRD 


EOU 


$031 


LOWER WORK AREA FOR TLR 


00008 


HTLRD 


EQU 


$032 


UPPER WORK AREA FOR TLR 


00009 


LDDTA 


EOU 


$033 


LOWER WORK AREA FOR TLR DOWN 


00010 


HDDTA 


EQU 


$034 


UPPER WORK AREA FOR TLR DOWN 


00011 


LUDTA 


EQU 


$035 


LOWER WORK AREA FOR TLR UP 


00012 


HUDTA 


EOU 


$036 


UPPER WORK AREA FOR TLR UP 


00013 


FRFL6 


EOU 


0.$037 


FORWARD OR REVERSE FLAG 


00014 


SMSF 


EQU 


2. $037 


STEPPING MOTOR START FLAG 


00015 


LSUP 


EQU 


$038 


LOWER SLUE-UP NUMBER 


00016 


HSUP 


EQU 


$039 


UPPER SLUE-UP NUMBER 


00017 


LCMD 


EOU 


$03A 


LOWER FIRST VALUE 


00018 


HCMD 


EQU 


$038 


UPPER FIRST VALUE 


00019 


LAUG 


EQU 


$03C 


LOWER AUGEND 


00020 


HAUG 


EQU 


$03D 


UPPER AUGEND 


00021 


STEPL 


EOU 


$03E 


LOWER STEP NUMBER 


00022 


STEPU 


EQU 


$03F 


UPPER STEP NUMBER 


00023 


LMIN 


EOU 


$040 


LOWER MINUEND 


00024 


HMIN 


EQU 


$041 


UPPER MINUEND 


00025 


LSTEPW 


EQU 


$042 


LOWER WORK FOR SUP 


00026 


HSTEPW 


EQU 


$043 


UPPER WORK FOR SUP 


00027 


SDUNW 


EQU 


$044 


WORK FOR SOWN 


00028 


SOWN 


EQU 


$045 


SLUE DOWN NUMBER 


00029 


LSHOLD 


EOU 


$046 


LOWER OPERATING NUMBER 


00030 


HSHOLD 


EQU 


$047 


UPPER OPERATING NUMBER 


00031 


LADD 


EQU 


$048 


LOWER ADDEND 


00032 


HADD 


EQU 


$049 


UPPER ADDEND 


00033 


LCMT 


EQU 


$04A 


LOWER SECOND VALUE NUMBER 


00034 


HCMT 


EOU 


$048 


UPPER SECOND VALUE NUMBER 


00035 


LSUB 


EOU 


$04C 


LOWER SUBTRAHEND 


00036 


HSUB 


EQU 


$040 


UPPER SUBTRAHEND 


00037 


LSHR 


EQU 


$04E 


LOWER 8-BIT BINARY 


00038 


HSHR 


EQU 


$04F 


UPPER 8-BIT BINARY 


00039 


SCNTR 


EQU 


$050 


4 STEPS COUNTER 


00040 


STEPE 


EQU 


$051 


STEP-EXTRA NUMBER 


00041 


XSFT 


EQU 


$4 


8-BIT BINARY DATA ADDR(X) 


00042 


YSFT 


EQU 


$F 


8-BIT BINARY DATA ADDRCY) 


00043 


BASFT 


EQU 


$D 


8-BIT BINARY DATA BRANCH ADDRCY) 


00044 


XCMD 


EQU 


$3 


FIRST VALUE ADDRCX) 


00045 


XCMT 


EQU 


$4 


SECOND VALUE ADDRCY) 


00046 


YCMT 


EQU 


$B 


START ADDRCY) OF FIRST & SECOND VALUE 


00047 


BACMT 


EQU 


$9 


BRANCH ADDRCY) OF FIRST S SECOND VALUE 


00048 










00049 




SYMBOL 


DEFINITIONS 




00050 


* 








00051 


TMB 


EQU 


$009 


TIMER MODE REGISTER B 


00052 


IFTB 


EOU 


0,$002 


TIMER B INTERRUPT REQUEST BIT 


00053 


IMTB 


EQU 


1 . $002 


TIMER B INTERRUPT MUSK BIT 


00054 


IE 


EQU 


o.$ooo 


INTERRUPT ENABLE BIT 


00055 


TLRL 


EQU 


$00A 


LOWER TIMER LOAD REGISTER 


00056 


TLRU 


EQU 


$008 


UPPER TIMER LOAD REGISTER 


00057 


PBDTR 


EQU 


$6 


RC6) PORT TO STEPPING MOTOR 
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00058 










00059 




























VECTOR ADDRESSES * 


00061 
















00062 








>K )K )K >K )K )K )K >tc )t( >K )K )K >K >K >K )(< >K )t( >K H( >K )4( >K >K >K )K >K >k >K >K >k >K )K )K >K )K )(( )K )K >K >K >K >K )K ^ 


00063 








* 








00064 










ORG 


$0000 




00065 
















uuuoo 


1 en 

i3U 


mo 

UlU 


UUuU 




JMPL 


SMMN 


RESET 


00067 


1 c;n 


Ul u 


UUU/ 




JMPL 


SMMN 


INTO 


uuuoo 


1 c:n 

iSU 


UlU 


UUUh 




JMPL 


SMMN 


INTl 


00069 


150 


010 


0006 




JMPL 


SMMN 


TIMER-A 


00070 


l3U 


1 or\ 

X 


uuuo 




JMPL 


SMREV 


TIMER-B 


00071 


000 




UUUn 




NOP 






00072 


000 




OOOB 




NOP 






00073 


J.3U 


UiU 


UUUL 




JMPL 


SMMN 


SERIAL 


00074 










00075 








* 








00076 












MAIN PROGRAM : 


SMMN * 


00077 








* 








00078 










00079 
















uuuou 










ORG 


$0010 




00081 
















00082 


OFO 




noi n 

UUJLU 


SMMN 


LWI 


$0 


INITIALIZE W REGISTER 


00083 


239 




001 1 




LAI 


$9 


INITIALIZE WORK AREA FOR PBDTR 


00084 


2D6 




0012 




LRA 


PBDTR 


INITIALIZE PBDTR 


00085 


180 


030 


0013 




XMAD 


PBSM 




00086 


18A 


037 


0015 




REMD 


SMSF 


INITIALIZE SMSF 


00087 


1 AS 


009 


OOl 7 
UUl f 




LMID 


$B,TMB 


INITIALIZE TMB 


OOOSR 


189 


002 


0019 




REMD 


IMTB 


INITIALIZE IMTB 


00089 


184 


UUU 


UUlD 




SEMD 


IE 


ENABLE INTERRUPT 


UUU tU 


xOO 


UO r 


UUiU 




REMD 


FRFLG 


LOAD ARGUMENT 


UUU7 i 


1 AC 


Ujr 


UUlr 




LMID 


$C,STEPU 


STORE ARGUMENT OF 200 STEP 


00092 


1 A8 




UUZ i 




LMID 


$8.STEPL 




00093 


1 AB 


032 


0023 




LMID 


$B.HTLRD 


INITIALIZE WORK AREA FOR TLR 


00094 


1 A2 


U51 


0025 




LMID 


$2,LTLRD 




UUUTD 


1 Al 


Ujo 


0027 




LMID 


$1.HUDTA 


LOAD SLUE-UP ADDRESS 


00096 


1 AO 


U03 






LMID 


$0.LUDTA 




00097 


1A3 


034 


002B 




LMID 


$3.HDDTA 


LOAD SLUE-DOWN ADDRESS 


00098 


1 AO 


uo^ 


uuzu 




LMID 


$0.LDDTA 




uuuyy 




UJZ 


uuzr 




CALL 


SMCLC 


CALCULATE SLUE DATA 


00100 


331 




00X1 
UUO Jl 


PEND 


BR 


PEND 


END OF PROGRAM 


001 01 
UUiUi 










00102 








* 






* 


OOl OT 
UUlUi^ 










NAME 


: SMCLC (PROCESS DATA) * 


00104 
















001 OQ 
UUxUD 










00106 
















00107 








an 


ENTRY 


: STEPU (UPPER 


NUMBER OF STEPS) * 


00108 








* 




STEPL (LOWER 


NUMBER OF STEPS) * 


00109 








* 




FRFLG (l:F0RWARD SLUE, 0: REVERSE SLUE) * 


00110 








* 


RETURNS 


: HSUP (UPPER 


SLOW-UP DATA) * 


00111 








* 




LSUP (LOWER 


SLOW-UP DATA) * 


00112 








IK 




HSHOLD (UPPER 


OPERATING DATA) * 


00113 








* 




LSHOLD (LOWER 


OPERATING DATA) * 


00114 












SOWN (SLOW-DOWN DATA) * 
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00115 












STEPE (REMAINDER OF STEP) * 


00116 








* 




FRFL6 (FORWARD/REVERSE SLUE FLAG) * 


00117 












SMSF (SLUE 


START FLAG) * 


00118 








* 






)k 


00119 








>K )K )K )k )K * )k >K >K )*( >K )K >k >K >K >K )k >k >K >K )K >K )K >K >K >K >k )K >«( >k >K >K >K >K )K >K )k » 3k )K )K )K >fc )K )K )k 


00120 


18C 


037 


0032 


SMCLC 


TMD 


FRFL6 


TEST IF FORWARD OR REVERSE SLUE 


00121 


340 




0034 




BR 


SMCLl 




00122 


231 




0035 




LAI 


$1 


IF REVERSE INCREMENT STEP 


00123 


OEC 




0036 




REC 






00124 


118 


03E 


0037 




AMCD 


STEPL 




00125 


194 


03E 


0039 




LMAD 


STEPL 




00126 


230 




0038 




LAI 


$0 




00127 


118 


03F 


003C 




AMCD 


STEPU 




00128 


194 


03F 


003E 




LMAD 


STEPU 




00129 


233 




0040 


SMCLl 


LAI 


3 


STORE 1/4 TIME OF STEP 


00130 


19C 


03E 


0041 




ANMD 


STEPL 




00131 


194 


051 


0043 




LMAD 


STEPE 


SET STEP-EXTRA DATA 


00132 


201 




0045 




LBI 


1 


SET SHIFT COUNTER 


00133 


190 


03E 


0046 




LAMD 


STEPL 


SET LOWER STEP 


00134 


194 


04E 


0048 




LMAD 


LSHR 




00135 


190 


03F 


004 A 




LAMD 


STEPU 


SET UPPER STEP 


00136 


194 


04F 


004C 




LMAD 


HSHR 




00137 


34F 




004E 




BRS 


SMCL2 




00138 


160 


216 


004F 


SMCL2 


CALL 


SHR 


CALCULATE 1/4 TIME OF STEP 


00139 


190 


04E 


0051 




LAMD 


LSHR 


SET 1/4 TIME OF STEP 


00140 


194 


03E 


0053 




LMAD 


STEPL 




00141 


190 


04F 


0055 




LAMD 


HSHR 




00142 


194 


03F 


0057 




LMAD 


STEPU 




00143 


120 


03F 


0059 




INEMD 


0, STEPU 




00144 


367 




0058 




BRS 


SMCL3 


BRANCH IF HSTEP=/0 


00145 


133 


03E 


005C 




ILEMD 


3. STEPL 


LOWER STEP DATA>=3? 


00146 


367 




005E 




BRS 


SMCL3 


BRANCH IF STEP>=3 


00147 


132 


03E 


005F 




ILEMD 


2. STEPL 


LOWER STEP DATA>=2? 


00148 


170 


101 


0061 




BRS 


SMCL15 


BRANCH IF STEP=2 


00149 


131 


03E 


0063 




ILEMD 


1 . STEPL 


LOWER STEP DATA>=1? 


00150 


3F3 




0065 




BRS 


SMCL12 


BRANCH IF STEP=1 


00151 


3EB 




0066 




BRS 


SMCLll 


BRANCH IF STEP=0 


00152 


1A4 


050 


0067 


SMCL3 


LMID 


4.SCNTR 


LOAD 4 INTO SCNTR 


00153 


lAO 


044 


0069 




LMID 


. SDWNW 


CLEAR WORK AREA FOR SLUE-DOWN 


00154 


lAO 


043 


0068 




LMID 


O.HSTEPW 




00155 


1A2 


042 


006D 




LMID 


2,LSTEPW 




00156 


190 


044 


006F 


SMCL4 


LAMD 


SDUNUI 


STORE SLUE-DOWN DATA 


00157 


281 




0071 




AI 


1 


INCREMENT SLUE-DOWN WORK 


00158 


194 


044 


0072 




LMAD 


SDWNW 




00159 


190 


043 


0074 




LAMD 


HSTEPW 




00160 


194 


030 


0076 




LMAD 


HAU6 


LOAD DATA FOR JUDGING 


00161 


190 


042 


0078 




LAMD 


LSTEPW 




00162 


194 


03C 


007A 




LMAD 


LAUG 




00163 


lAO 


049 


007C 




LMID 


O.HADD 




00164 


1 A4 


048 


007E 




LMID 


4 , LADD 




00165 


381 




0080 




BRS 


SMCL5 




00166 


160 


233 


0081 


SMCL5 


CALL 


ADD 




00167 


190 


03D 


0083 




LAMD 


HAUG 




00168 


194 


043 


0085 




LMAD 


HSTEPW 




00169 


190 


03C 


0087 




LAMD 


LAUG 




00170 


194 


042 


0089 




LMAD 


LSTEPW 




00171 


190 


03F 


008B 




LAMD 


STEPU 
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00172 


194 


041 


008D 




LMAD 


HMIN 


1/4 STEP = 30 ? 


00173 


190 


03E 


008F 




LAMD 


STEPL 




00174 


194 


040 


0091 




LMAD 


LMIIM 




00175 


lAl 


04D 


0093 




LMID 


1 , HSU8 




00176 


lAE 


04C 


0095 




LMID 


$E,LSUB 




00177 


398 




0097 




BRS 


SMCL6 




00178 


160 


241 


0098 


SMCL6 


CALL 


SUB 




00179 


170 


109 


009A 




BRS 


SMCL16 


BRANCH IF 1/4 STEP > 30 


00180 


190 


043 


009C 


SMCL7 


LAMD 


HSTEPW 


1/4 STEP = 2+4N <N=l-26) ? 


00181 


194 


038 


009E 




LMAD 


HCMD 




00182 


190 


042 


OOAO 




LAMD 


LSTEPW 




00183 


194 


03A 


00A2 




LMAD 


LCMD 




00184 


190 


03F 


00A4 




LAMD 


STEPU 




00185 


194 


048 


00A6 




LMAD 


HCMT 




00186 


190 


03E 


00A8 




LAMD 


STEPL 




00187 


194 


04A 


OOAA 




LMAD 


LCMT 




00188 


160 


221 


OOAC 




CALL 


CMP 




00189 


048 




OOAE 




LAB 






00190 


280 




OOAF 




ALEI 







00191 


36F 




OOBO 




BRS 


SMCL4 


BRANCH IF STEPW < 1/4 STEP 


00192 


281 




OOBl 




ALEI 


1 




00193 


3B6 




0082 




BRS 


SMCL8 


BRANCH IF STEPW > 1/4 STEP 


00194 


282 




0083 




ALEI 


2 




00195 


170 


127 


00B4 




BRS 


SMCL17 




00196 


lAO 


047 


0086 


SMCL8 


LMID 


O.HSHGLD 


DEFINE OPERATING DATA AS 


00197 


lAO 


046 


0088 




LMID 


O.LSHGLD 




00198 


190 


044 


OOBA 


SMCL9 


LAMD 


SDWNW 


LOAD SLUE-DOWN DATA 


00199 


194 


045 


OOBC 




LMAD 


SOWN 


SLUE-UP DATA = 1/4 STEP - (SDWNW+OPERATING 


00200 


190 


03F 


OOBE 




LAMD 


STEPU 




00201 


194 


041 


OOCO 




LMAD 


HMIN 




00202 


190 


03E 


00C2 




LAMD 


STEPL 




00203 


194 


040 


00C4 




LMAD 


LMIN 




00204 


lAO 


040 


00C6 




LMID 


O.HSUB 




00205 


190 


044 


00C8 




LAMD 


SDWNW 




00206 


194 


04 C 


OOCA 




LMAD 


LSUB 




00207 


160 


241 


OOCC 




CALL 


SUB 


(STEP-SDWN) 


00208 


190 


047 


OOCE 




LAMD 


HSHGLD 




00209 


194 


04D 


OODO 




LMAD 


HSUB 




00210 


190 


046 


00D2 




LAMD 


LSHOLD 




00211 


194 


04C 


00D4 




LMAD 


LSUB 




00212 


160 


241 


00D6 




CALL 


SUB 


( STEP-SDWNW-SHGLD) 


00213 


lAO 


04 D 


00D8 




LMID 


O.HSUB 




00214 


lAl 


04C 


OODA 




LMID 


1 , LSUB 




00215 


160 


241 


OODC 




CALL 


SUB 


< STEP-SDWNW-SHGLD-1) 


00216 


190 


041 


OODE 




LAMD 


HMIN 




00217 


194 


039 


OOEO 




LMAD 


HSUP 




00218 


190 


040 


00E2 




LAMD 


LMIN 




00219 


194 


038 


00E4 




LMAD 


LSUP 




00220 


160 


IFB 


00E6 


SMCLIO 


CALL 


SMFR 


SET FORWARD OR REVERSE DATA 


00221 


186 


037 


00E8 




SEMD 


SMSF 


START STEPPING MOTOR 


00222 


010 




OOEA 




RTN 






00223 


190 


051 


OOEB 


SMCLll 


LAMD 


STEPE 




00224 


194 


050 


OOED 




LMAD 


SCNTR 


DEFINE STEPE AS OPERATING NUMBER 


00225 


lAO 


051 


OOEF 




LMID 


0. STEPE 




00226 


150 


0F5 


OOFl 




JMPL 


SMCL13 




00227 


1A4 


050 


00F3 


SMCL12 


LMID 


4, SCNTR 


LOAD 4 INTO SCNTR 


00228 


lAO 


047 


00F5 


SMCL13 


LMID 


0,HSHOLD 


LOAD INTO OPERATING DATA 



180 HITACHI 



00229 


lAO 


046 


00F7 




LMID 


O.LSHOLD 




00230 


lAO 


039 


00F9 


SMCL14 


LMID 


O.HSUP 


SLUE-UP DATA = 


00231 


lAO 


038 


OOFS 




LMID 


O.LSUP 




00232 


lAO 


045 


OOFD 




LMID 


. SOWN 


SLUE-DOWN DATA = OWN 


00233 


150 


0E6 


OOFF 




JMPL 


SMCLIO 




00234 


1A4 


050 


0101 


SMCL15 


LMID 


4.SCNTR 




00235 


lAO 


047 


0103 




LMID 


O.HSHOLD 


LOAD 4 INTO SCNTR 


00236 


lAl 


046 


0105 




LMID 


1 . LSHOLD 


DEFINE OPERATING DATA AS 1 


00237 


150 


0F9 


0107 




JMPL 


SMCL14 




00238 


190 


03F 


0109 


SMCL16 


LAMD 


STEPU 


LOAD FETCH DATA 


00239 


194 


041 


0108 




LMAD 


HMIN 




00240 


190 


03E 


OlOD 




LAMD 


STEPL 




00241 


194 


040 


OlOF 




LMAD 


LMIN 




00242 


lAl 


04D 


0111 




LMID 


1 , HSUB 




00243 


IAD 


04C 


0113 




LMID 


$D,LSUB 




00244 


160 


241 


0115 




CALL 


SUB 


STEP - 29 


00245 


190 


041 


0117 




LAMD 


HMIN 




00246 


194 


047 


0119 




LMAD 


HSHOLD 




00247 


190 


040 


one 




LAMD 


LMIN 




00248 


194 


046 


OllD 




LMAD 


LSHOLD 




00249 


lAl 


039 


OllF 




LMID 


1 . HSUP 


SET SLUE UP DATA 


00250 


1A5 


038 


0121 




LMID 


5.LSUP 




00251 


1A7 


045 


0123 




LMID 


7, SOWN 


SET SLUE DOWN DATA 


00252 


150 


0E6 


0125 




JMPL 


SMCLIO 




00253 


lAO 


047 


0127 


SMCL17 


LMID 


O.HSHOLD 


DEFINE OPERATING DATA AS 1 


00254 


lAl 


046 


0129 




LMID 


1, LSHOLD 




00255 


150 


OBA 


0128 




JMPL 


SMCL9 




00256 










00257 








* 








00258 










NAME : 


: SMREV (GENERATE STEPPING MOTOR OUTPUT:) * 


00259 








* 








00260 








>k >k >K )k >K )(( >K )t< >K >K >K )tc >K « )K >k )k >k )k )K )K )k )k 3K >K >K >t( )k )<( >k >K 3K )K )k ^ « )K )«c >t( )K >K >K >K 9k 


00261 
















00262 








* 


ENTRY ; 


: HSUP (UPPER 


SLOW-UP DATA) * 


00263 












LSUP (LOWER 


SLOW-UP DATA) * 


00264 








* 




HSHOLD (UPPER OPERATING DATA) * 


00265 












LSHOLD (LOWER OPERATING DATA) * 


00266 












SOWN (SLOW- 


DOWN DATA) * 


00267 








* 




STEPE (REMAINDER OF STEP) * 


00268 












FRFLG (FORWARD / REVERSE SLUE FLAG) * 


00269 












SMSF (SLUE 


START FLAG) * 


00270 










RETURNS : 


: SMSF (SLUE 


START FLAG) * 


00271 
















00272 








)K >k >K >k >k >K )k >k )k >k )k >K >k )k >k >k )k )k 4c )k >k 4( )K >K )K >k )k )k )k )K )K )K >k >K )k >k )k >K >k >K )k >k 3k >k )^ 


00273 


188 


002 


0120 


SMREV 


REMD 


IFTB 


CLEAR TIMER-B INTERRUPT REQUEST I 


00274 


2F4 




012F 




XMRA 


4 


SAVE A 


00275 


048 




0130 




LAB 






00276 


2F5 




0131 




XMRA 


5 


SAVE B 


00277 


068 




0132 




LASPX 






00278 


2F6 




0133 




XMRA 


6 


SAVE SPX 


00279 


058 




0134 




LASPY 






00280 


2F7 




0135 




XMRA 


7 


SAVE SPY 


00281 


001 




0136 




XSPX 






00282 


068 




0137 




LASPX 






00283 


2F8 




0138 




XMRA 


8 


SAVE X 


00284 


OAF 




0139 




LAY 






00285 


2F9 




013A 




XMRA 


9 


SAVE Y 
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00286 


190 


031 


013B 




LAMD 


LTLRD 




00287 


194 


OOA 


0130 




LMAD 


TLRL 


REINITIALIZE TIMER INTERRUPTS 


00288 


190 


032 


013F 




LAMD 


HTLRD 




00289 


194 


OOB 


0141 




LMAD 


TLRU 




00290 


18E 


037 


0143 




TMD 


SMSF 


TEST IF DRIVE MOTOR 


00291 


347 




0145 




BRS 


SMREVl 


BRANCH IF SMSF = 1 


00292 


371 




0146 




BRS 


SMREV4 


BRANCH IF SMSF =0 


00293 


190 


030 


0147 


SMREVl 


LAMD 


PBSM 


DRIVE STEPPING MOTOR 


00294 


206 




0149 




LRA 


PBDTR 




00295 


231 




014A 




LAI 


1 




00296 


OEF 




014B 




SEC 






00297 


198 


050 


014C 




SMCD 


SCNTR 


DECREMENT EVERY 4 STEPS 


00298 


194 


050 


014E 




LMAD 


SCNTR 




00299 


120 


050 


0150 




I NEMO 


0. SCNTR 


OUTPUT 4 STEPS ? 


00300 


36E 




0152 




BRS 


SMREV2 


BRANCH IF SCNTR =/ 


00301 


1A4 


050 


0153 




LMID 


4, SCNTR 


INITIALIZE COUNTER EVERY 4 STEPS 


00302 


120 


039 


0155 




INEMD 


O.HSUP 




00303 


37F 




0157 




BRS 


SMREV5 


SLUE-UP COMPLETE 


00304 


120 


038 


0158 




INEMD 


O.LSUP 




00305 


37F 




015A 




BRS 


SMREV5 




00306 


120 


051 


015B 




INEMD 


O.STEPE 




00307 


3B4 




0150 




BRS 


SMREV6 




00308 


120 


047 


015E 




INEMD 


O.HSHOLD 




00309 


3BC 




0160 




BRS 


SMREV7 


TEST IF OPERATING COMPLETED 


00310 


120 


046 


0161 




INEMD 


O.LSHGLD 




00311 


3BC 




0163 




BRS 


SMREV7 


TEST IF SLUE-DOWN COMPLETED 


00312 


120 


045 


0164 




INEMD 


O.SDWN 




00313 


304 




0166 




BRS 


SMREV8 




00314 


18C 


037 


0167 




TMD 


FRFL6 




00315 


3F7 




0169 




BRS 


SMREV9 




00316 


lAl 


050 


016A 




LMID 


1 . SCNTR 




00317 


184 


037 


016C 




SEMD 


FRFL6 




00318 


36F 




016E 


SMREV2 


BRS 


SMREV3 




00319 


160 


IFB 


016F 


SMREV3 


CALL 


SMFR 


SET FORWARD OR REVERSE DATA 


00320 


2F9 




0171 


SMREV4 


XMRA 


9 


RESTORE REGISTERS 


00321 


008 




0172 




LYA 






00322 


2F8 




0173 




XMRA 


8 




00323 


0E8 




0174 




LXA 






00324 


003 




0175 




XSPXY 






00325 


2F7 




0176 




XMRA 


7 




00326 


0D8 




0177 




LYA 






00327 


2F6 




0178 




XMRA 


6 




00328 


0E8 




0179 




LXA 






00329 


003 




017A 




XSPXY 






00330 


2F5 




017B 




XMRA 


5 




00331 


0C8 




017C 




LBA 






00332 


2F4 




017D 




XMRA 


4 




00333 


Oil 




017E 




RTNI 






00334 


190 


039 


017F 


SMREV5 


LAMD 


HSUP 


DECREMENT SLUE-UP COUNTER 


00335 


194 


041 


0181 




LMAD 


HMIN 




00336 


190 


038 


0183 




LAMD 


LSUP 




00337 


194 


040 


0185 




LMAD 


LMIN 




00338 


lAO 


040 


0187 




LMID 


O.HSUB 




00339 


lAl 


04C 


0189 




LMID 


l.LSUB 




00340 


160 


241 


018B 




CALL 


SUB 


SUP - 1 


00341 


190 


041 


0180 




LAMD 


HMIN 




00342 


194 


039 


018F 




LMAD 


HSUP 
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00343 


190 


040 


0191 




LAMD 


00344 


194 


038 


0193 




LMAO 


00345 


190 


036 


0195 




LAMD 


00346 


0C8 




0197 




LEA 


00347 


194 


030 


0198 




LMAD 


00348 


190 


035 


019A 




LAMD 


00349 


194 


03C 


019C 




LMAD 


00350 


IBF 




019E 




P 


00351 


194 


031 


019F 




LMAD 


00352 


048 




OlAl 




LAB 


00353 


194 


032 


01A2 




LMAD 


00354 


lAO 


049 


01A4 




LMID 


00355 


lAl 


048 


01A6 




LMID 


00356 


160 


233 


01A8 




CALL 


00357 


190 


030 


OlAA 




LAMD 


00358 


194 


036 


OlAC 




LMAD 


00359 


190 


03C 


OlAE 




LAMD 


00360 


194 


035 


0180 




LMAD 


00361 


150 


16E 


0182 




JMPL 


00362 


190 


051 


0184 


SMREV6 


LAMD 


00363 


194 


050 


01B6 




LMAD 


00364 


lAO 


051 


0188 




LMID 


00365 


150 


16E 


OIBA 




JMPL 


00366 


190 


047 


OIBC 


SMREV7 


LAMD 


00367 


194 


041 


OIBE 




LMAD 


00368 


190 


046 


OICO 




LAMD 


00369 


194 


040 


01C2 




LMAD 


00370 


lAO 


040 


01C4 




LMID 


00371 


lAl 


04C 


01C6 




LMID 


00372 


160 


241 


01C8 




CALL 


00373 


190 


041 


OICA 




LAMD 


00374 


194 


047 


OICC 




LMAD 


00375 


190 


040 


OICE 




LAMD 


00376 


194 


046 


OlDO 




LMAD 


00377 


150 


16E 


01D2 




JMPL 


00378 


231 




0104 


SMREV8 


LAI 


00379 


OEF 




01D5 




SEC 


00380 


198 


045 


01D6 




SMCD 


00381 


194 


045 


01D8 




LMAD 


00382 


190 


034 


OlDA 




LAMD 


00383 


194 


030 


OlDC 




LMAD 


00384 


190 


033 


OlDE 




LAMD 


00385 


194 


03C 


OlEO 




LMAD 


00386 


lAO 


049 


01E2 




LMID 


00387 


190 


045 


01E4 




LAMD 


00388 


194 


048 


01E6 




LMAD 


00389 


160 


233 


01E8 




CALL 


00390 


190 


030 


OlEA 




LAMD 


00391 


0C8 




OlEC 




LBA 


00392 


190 


03C 


OlED 




LAMD 


00393 


IBF 




OlEF 




P 


00394 


194 


031 


OlFO 




LMAD 


00395 


048 




01F2 




LAB 


00396 


194 


032 


01F3 




LMAD 


00397 


150 


16E 


01F5 




JMPL 


00398 


18A 


037 


01F7 


SMREV9 


REMD 


00399 


150 


171 


01F9 




JMPL 



LMIN 
LSUP 

HUDTA SET TIMING FOR NEXT SLUE-UP 

HAU6 
LUDTA 
LAUG 
$F 

LTLRD STORE LOWER WORK FOR TLR 

HTLRD 

0. HADD 

1. LADD 

ADD INCREMENT UOTA 

HAUG 

HUDTA 

LAUG 

LUDTA 

SMREV2 

STEPE SET FOR OPERATING 

SCNTR 

0. STEPE 

SMREV2 

HSHOLO 

HMIN 

LSHOLD 

LMIN 

0. HSUB 

1. LSUB 

SUB DECREMENT OPERATING COUNTER 

HMIN 

HSHOLD 

LMIN 

LSHOLD 

SMREV2 

1 

SOWN DECREMENT SLUE-DOWN COUNTER 

SOWN 

HDDTA SET TIMING FOR NEXT SLUE-DOWN 

HAUG 

LDDTA 

LAUG 

. HADD 

SOWN 

LADD 

ADD DDTA + SOWN 

HAUG 

LAUG 
$F 

LTLRD 

HTLRD 
SMREV2 

SMSF STOP DRIVING STEPPING MOTOR 

SMREV4 



HITACHI 183 



00400 










00401 
















00402 








* NAME : 


SMFR (CALCULATE NORMAL/INVERSE ROTATION * 


00403 














DATA) * 


00404 










00405 


18C 


037 


OlFB 


SMFR TMD 




FRFL6 


NORMAL OR INVERSE ROTATION ? 


00406 


190 


030 


OlFD 


LAMP 




PBSM 




00407 


308 




OlFF 


BRS 




SMFR3 


BRANCH IF FRFL6=1 


00408 


OEC 




0200 


REC 








00409 


OAl 




0201 


RGTL 






IF INVERSE, SET DATA FOR NEXT OUTPUT 


00410 


180 


030 


0202 


XMAD 




PBSM 




00411 


06F 




0204 


TC 








00412 


307 




0205 


BRS 




SMFR2 




00413 


010 




0206 


SMFRl RTN 








00414 


184 


030 


0207 


SMFR2 SEMD 




$0,PBSM 




00415 


150 


206 


0209 


JMPL 




SMFRl 




00416 


OEC 




020B 


SMFR3 REC 






IF NORMAL. SET DATA FOR NEXT OUTPUT 


00417 


OAO 




020C 


ROTR 








00418 


180 


030 


0200 


XMAD 




PBSM 




00419 


06F 




020F 


TC 








00420 


312 




0210 


BRS 




SMFR4 




00421 


306 




0211 


BRS 




SMFRl 




00422 


187 


030 


0212 


SMFR4 SEMD 




$3. PBSM 




00423 


150 


206 


0214 


JMPL 




SMFRl 




00424 










00425 














* 


00426 








* NAME : 


SHR 


(SHIFT 8- 


-BIT DATA) * 


00427 








* 








00428 










00429 


224 




0216 


SHR LXI 




XSFT 


LOAD ADDR(X) 


00430 


21F 




0217 


SHRl LYI 




YSFT 


LOAD ADDR(Y) 


00431 


OEC 




0218 


REC 








00432 


090 




0219 


SHR2 LAM 






LOAD BINARY DATA 


00433 


OAO 




021A 


ROTR 






ROTATE BINARY DATA 


00434 


ODO 




0218 


LMADY 




STORE SHIFT DATA AND DECREMENT ADDR(Y) 


00435 


070 




021C 


YNEI 




BASFT 




00436 


319 




021D 


BRS 




SHR2 




00437 


OCR 




021E 


DB 






DECREMENT SHIFT COUNTER 


00438 


317 




021F 


BRS 




SHRl 


BRANCH UNTIL SHIFT COUNTER = $0 


00439 


010 




0220 


RTN 








00440 










00441 
















00442 








* NAME : 


CMP 


(COMPARE 


8-BIT BINARY DATA) * 


00443 








* 








00444 










00445 


223 




0221 


CMP LXI 




XCMD 


LOAD FIRST VALUE ADDR(SPX) 


00446 


001 




0222 


XSPX 








00447 


224 




0223 


LXI 




XCMT 


LOAD SECOND VALUE NUMBER AODR(X) 


00448 


218 




0224 


LYI 




YCMT 


LOAD SECOND VALUE NUMBER ADDRCY) 


00449 


200 




0225 


LBI 




$0 


CLEAR 6 


00450 


091 




0226 


CMPl LAMX 






LOAD SECOND VALUE 


00451 


014 




0227 


ALEM 






DETERMINE RELATION 


00452 


32A 




0228 


BRS 




CMP2 


BRANCH IF A <= M 


00453 


332 




0229 


BRS 




CMP4 


BRANCH IF A > M 


00454 


004 




022A 


CMP2 ANEM 






TEST IF A = M 


00455 


331 




022B 


BRS 




CMP3 


BRANCE IF A - M 


00456 


001 




022C 


XSPX 






LOAD SECOND VALUE ADDR(X) 
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00457 


ODF 




022D 




DY 




DECREMENT ADDR(Y) 


00458 


079 




022E 




YNEI 


BACMT 


TEST LOOP COUNTER 


00459 


326 




022F 




BRS 


CMPl 




00460 


04C 




0230 




IB 




INCREMENT B (RESULT) 


00461 


04C 




0231 


CMP3 


IB 




INCREMENT B (RESULT) 


00462 


010 




0232 


CMP4 


RTN 






00463 








* )K 34( * * >k X 


k * 4ok *)«(»(* )k 


************: 




00464 














* 


00465 










NAME : 


ADD (ADD 8-BIT BINARY DATA) * 


00466 








x< 






* 


00467 










00468 


OEC 




0233 


ADD 


REC 




CLEAR CARRY FLAG 


00469 


190 


048 


0234 




LAMD 


LADD 


LOAD LOWER ADDEND 


00470 


118 


03C 


0236 




AMCD 


LAUG 


ADD LOWER ADDEND TO LOWER AUGEND 


00471 


194 


03C 


0238 




LMAD 


LAUG 


STORE LOWER ADDITION RESULT 


00472 


190 


049 


023A 




LAMD 


HADD 


LOAD UPPER ADDEND 


00473 


118 


03D 


023C 




AMCD 


HAUG 


ADD UPPER ADDEND TO UPPER AUGEND 


00474 


194 


03D 


023E 




LMAD 


HAUG 


STORE UPPER ADDITION RESULT 


00475 


010 




0240 




RTN 






00476 












00477 














* 


00478 










NAME : SUB (SUBTRACT 


8-BIT BINARY DATA) * 


00479 
















00480 












00481 


OEF 




0241 


SUB 


SEC 




SET CARRY FLAG 


00482 


190 


04C 


0242 




LAMD 


LSUB 


LOAD LOWER SUBTRAHEND 


00483 


198 


040 


0244 




SMCD 


LMIN 


SUBTRACT LOWER SUBTRAHEND FROM LOWER 


00484 


194 


040 


0246 




LMAD 


LMIN 


STORE LOWER SUBTRACTION RESULT 


00485 


190 


04D 


0248 




LAMD 


HSUB 


LOAD UPPER SUBTRAHEND 


00486 


198 


041 


024A 




SMCD 


HMIN 


SUBTRACT UPPER SUBTRAHEND FROM UPPER 


00487 


194 


041 


024C 




LMAD 


HMIN 


STORE UPPER SUBTRACTION RESULT 


00488 


010 




024E 




RTN 






00489 












************: 




00490 
















00491 










SLUE-UP 


DATA TABLE 




00492 








* 








00493 








»()«(>•(***> 


K***** *********************************************** 


00494 








* 








00495 










ORG 


SOFIO 




00496 








* 








00497 


187 




OFIO 




DC 


$1B7 


215PPS 


00498 


IBC 




OFll 




DC 


$1BC 


230PPS 


00499 


ICO 




0F12 




DC 


$1C0 


245PPS 


00500 


1C4 




0F13 




DC 


$1C4 


260PPS 


00501 


1C7 




0F14 




DC 


$1C7 


275PPS 


00502 


ICA 




0F15 




DC 


$1CA 


290PPS 


00503 


ICD 




0F16 




DC 


$1CD 


305PPS 


00504 


ICF 




0F17 




DC 


$1CF 


320PPS 


00505 


IDl 




0F18 




DC 


$1D1 


335PPS 


00506 


1D3 




0F19 




DC 


$1D3 


350PPS 


00507 


1D5 




OFIA 




DC 


$1D5 


365PPS 


00508 


1D7 




OFIB 




DC 


$1D7 


380PPS 


00509 


1D8 




OFIC 




DC 


$1D8 


395PPS 


00510 


IDA 




OFID 




DC 


$1DA 


410PPS 


00511 


IDB 




OFIE 




DC 


$1DB 


425PPS 


00512 


IDC 




OFIF 




DC 


$1DC 


440PPS 


00513 


IDE 




0F20 




DC 


SIDE 


455PPS 
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00514 


IDF 


0F21 




DC 


$1DF 


470PPS 


00515 


lEO 


0F22 




DC 


$1E0 


485PPS 


00516 


lEl 


0F23 




DC 


$1E1 


500PPS 


00517 


1E2 


0F24 




DC 


$1E2 


515PPS 


00518 






« « )K » « )K )k >K >K )K « )K )t< 3k )K « « )«< >k » >K >K >K )k )k >K >k )«< )K >K )K >K )K >k « >K )k >K )k >K >K >k >t^ 


00519 














00520 










SLUE-DQWN 


DATA TABLE * 


00521 






* 








00522 








00523 






* 








00524 








ORG 


$0F30 




00525 






>K 








00526 


182 


0F30 




DC 


$182 


200PPS 


00527 


ICO 


0F31 




DC 


$1C0 


245PPS 


00528 


ICA 


0F32 




DC 


$1CA 


290PPS 


00529 


IDl 


0F33 




DC 


$1D1 


335PPS 


00530 


1D7 


0F34 




DC 


$1D7 


380PPS 


00531 


IDB 


0F35 




DC 


$1DB 


425PPS 


00532 


IDF 


0F36 




DC 


$1DF 


470PPS 


00533 








END 
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SECTION 9. USE OF COMMERCIAL KEYBOARDS 

9.1 HARDWARE DESCRIPTION 

9.1»1 Function 

Receives key data from a standard ASCII keyboard. 

9.1.2 Microcomputer Operation 

The HMCS404C accesses data from an ASCII keyboard using a First 
In-First Out roll buffer. Port R is selected to perform parallel 
handshaking between the INT]_ pin and port R. Input data is read at 
the falling edge of the STROBE signal and data is written to the 
roll buffer by input strobe interrupt. 

9.1.3 Peripheral Devices 

ASCII keyboard: Outputs ASCII codes and STROBE signal. 
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9.1.4 Circuit Diagram 

The interface circuit for reading data from an ASCII keyboard is shown 
in Fig. 9.1. 



M c u 

HMCS 4 4C 

/ HMC S 4 2 C \ 

VHMCS 4 SC ^ 



clS2076 

HD74HC14 
_|>o po g>o- 



22pF 

Hh- 



4MHz i IMftS 



r 



OSCi 



0SC2 
GND 



R; 
R, 

R^ 

SO/R42 
SI/R4 
SCK/R4 

Ras/FNf; 







STROBE B,B2BsB4B,B«B7 



































































































ASCII Keyboard 



Fig. 9.1. Reading Data from ASCII Keyboard 
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9.1.5 Pin Functions 

Pin functions at the interface between the HMCS404C and ASCII keyboard 
are shown in Table 9.1. 



Table 9.1. Pin Functions 

Active 

Level Pin Name 

Pin Name Input/ (High (Key- 

(HMCS404C) Output or Low) Function board) 

R33/INTi Input Low STROBE signal STROBE 

R40 Input Key data input signal B-^ 

R4I Input B2 

R42 Input B3 

R43 Input B^ 

R50 Input B5 

R5I Input Bg 

R52 Input B-y 



9.1.6 Hardware Operation 

The timing chart for the ASCII keyboard is shown in Fig. 9.2. If a 
key in ASCII keyboard is depressed, data and STROBE signal are output 
as shown in Fig. 9.2. 



ASCII keyboard 

pin names 

key data (Port R) 

STROBE signal (INTi) 



® 

INTi interrupt generated 



Fig. 9.2. ASCII Keyboard Timing Chart 
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9.2 SOFTWARE DESCRIPTION 



9.2.1 Program Module Configuration 

The program module configuration for reading key data from ASCII 
keyboard is shown in Fig. 9.3. 



KEYMN 



Main 
Program 



HI 



KEYIN 



KE YOUT 



Receive 
Key Data 



TPR 



Read 

Key Data 



Convert 
ASCII 



II 



Fig. 9.3. Program Module Configuration 

9.2.2 Program Module Functions 

Program module functions are summarized in Table 9.2. 

Table 9.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 







Main Program 


KEYMN 


Receives key data from ASCII 


keyboard 


1 


Receive Key Data 


KEYIN 


Receives key data and writes 
roll buffer 


then to 


2 


Read Key Data . 


KEYOUT 


Reads data in roll buffer 





Convert ASCII 



TPR Converts ASCII lower case into 

upper case. 

(Refer to TPR in HMCS400 Series 
Application Note (Software Edition) 
for details) 
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9.2.3 Program Module Process Flow (Main Program) 



The flowchart in Fig. 9.4 is an example of key data input from ASCII 
keyboard performed by the program module in Fig. 9.4. 



^ KEYMN ^ 



KEYMN 



W 



$ -*P S 



O-*? E 



$ 8-^PMR 



0-^ I M 1 



1 -> I E 



KEYMN 1 



KE YOUT 



ST=1 




A ^ B 



T P R 



PEND 



^ E N 



Main Program 



Initialize W register 



Clear pointer indicating key buffer 



Select INT-,_ input pin 



Clear interrupt mask 



Enable interrupts 



Read key data in key buffer 



Test if data is not completed on the key 
buffer 



Exchange contents of Accumulator and B 
register 

Call TPR and convert small case letters 
of ASCII into large case letters. 
(Refer to TPR in HMCS400 Series Applica- 
tion Note (Software Edition) for details) 



^ K E Y I N ^ 



KEYIN 



Receive KEY DATA 



INTj^ interrupt routine 

--[ 



Receive key data and write them to 
roll buffer 



Fig. 9.4. Program Module Flowchart 
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9 . 3 PROGRAM MODULE DESCRIPTION 



Program Module Name: 




MCU: HMCS402C/ 




Label: KEYIN 


Receive Key Data 




HMCS404C/HMCS408C 













Function: 

Receives key data from ASCII key board and writes them to roll buffer. 



Arguments : 
None 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


X 


X 


SPX 


SPY 


X 


• 


W 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications: 

1 word = 10 bits 
ROM (Words) : 35 
RAM (Digits) : 2 
Stack (Digits) : 
No. of cycles: 36 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 
1. Function Details 

(1) KEYIN has no arguments. 

(2) Example of KEYIN execution is 
shown in Fig. 9.5. If A 

in ASCII keyboard is pressed 
as shown in part (l) of Fig. 
9.5. key data is written to 
key buffer as shown in part 
(2) of Fig. 9.5. 



Specifications Notes: 
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Program Module Name: 

Receive Key Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; KEYIN 



Description; 



(T) Before 

execution 



Press A 

key 

PS 

PS($0 3 2 ) [o] 
PE 

PE($031) [o] 



* 


* 


* 


* 



MD ( $ 5 F ) 



MD ($0 40 ) 
(Note) 



© After 

execution 



PS 

PS ($ 032) [o] 
PE 

PE($031) [T] 



* 


* 




* 


4 


* 


* 


* 




* 


1 


* 



MD($040) 



MD($05F) 

Note: ** : hexadecimal 

Fig. 9.5. Example of Program Module 
KEYIN Execution 

(3) KEYIN calls neither the program modules nor subroutines. 

2. User Notes 

(1) Both KEYIN and KEYOUT must use the same roll buffer. 

(2) The following procedure must be performed before KEYIN execution. 

(a) Selects Port Mode register as INT^. 

(b) Clears INT]_ interrupt mask bit. 

(c) Sets bit IE to enable INTi interrupt. 

3. RAM Allocation 





F|E 


D 


c 


B 


A 


9 


8 


7 


6 


5 


4 


3 j 2 


1 i 


2 


i_ 


L J 






















I 


3 

























mm 


4 
5 


111 




11 


II 


11 




111 


II 




ill 


11 


m 


■1 


6 


















J 







— 4-^ 


1 
1 



Fig. 9.6. RAM Allocation 
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Program Module Name; 
Receive Key Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



KEYIN 



Description: 



Label 



PE 



P S 



RAM 



b3 bO 



MD ( $ 3 1 ) 



b3 bO 



MD($03 2) 

MD($04F) MD($040) 



Description 



Ending pointer indicating key data is 
set to end of key buffer 



Starting pointer indicating start address 
of unprocessed key data in key buffer 



Key buffer to which 16 bytes key data 
will be set 



MD($05F) MD($050) 



4. Sample Application 



LM I D 


$ 0, 


P S 


LM I D 


$ 0, 


PE , 


LM I D 


$ 8, 


PMR 


REMD 


IMl 




SEMD 


I E 





■ Clear RAM to be used 

Initialize INT^ 

Clear INT^ interrupt mask 

Enable interrupts 



5. Basic Operation 

(1) Input/output to/from roll buffer. 

(a) Calls program module KEYIN at every INT^ interrupt and stores key 
data in key buffer. Then, calls program module KEYOUT in main 
program and fetches key data from key buffer. 

(b) Clears starting pointer PS (RAM) and ending pointer PE (RAM) and 
stores key data in key buffer starting address. 
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Program Module Name: 




MCU: HMCS402C/ 




Label: KEYIN 


Receive Key Data 




HMCS404C/HMCS408C 













Description: 



(c) Program module KEYIN stores 1 byte of key data in 16-byte buffer 
area pointed by PE(RAM), and increments PE (RAM) . 

(d) Program module KEYOUT fetches 1 byte from 16-byte buffer area 
pointed by PS (RAM) and increments PS (RAM) . 

(e) PS (RAM) and PE (RAM) become "0" if they are incremented till 15 
bytes because the buffer area is 16-byte long. 

(2) Input to key buffer 

(a) Program module KEYIN loads PE (RAM) into Accumulator and 
increments Accumulator. Then, compares Accumulator content 
with PS (RAM). If (Accumulator) =PS (RAM) , key data is not stored 
in key buffer. 

If (Accumulator) 7^ (PS), key data is stored in key buffer and 
PE (RAM) is incremented. 

(b) Key buffer can be used up to 15 bytes. 
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Program Module Name; 

Receive Key Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: KEYIN 



Flowchart; 



^ KEY IN ^ 



KEYIN 



0-+ 


I F 1 






A'^^($F) 






S PX->A 






A*-»MR ( $E ) 






X S P X 






S P X-^ A 






A^MR ( $ D ) 






Y A 






A^MR ( $C ) 






P E 


A 






A +$ 


1-+A 






A =7^ 


P S 



!l=PS 



BR 



KEYIN 1 A=?^PS 



A 


PE 






A Y 



Clear interrupt request flag 



Save Register 



Increment end pointer 



Test if key buffer is full 



Load end pointer into Y register 
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Program Module Name; 

Receive Key Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: KEYIN 



Flowchart: 



R 5->A 






$ 4 


X 






A -> M 






R 4->A 






$ 5 


-> X 






A M 










MR ( $ C ) -^A 






A Y 






MR ( $E )'e>A 






A -V X 






X^SPX 






MR ( $ 


D ) 






A X 






MR ( $F )'^A 






^ RTNI ^ 



Load upper digit of key data into key 
buffer 



Load lower digit of key data into key 
buffer 



Restore register 
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Program Module Name: Read Key Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: KEYOUT 



Function: 

Reads key data from key buffer. 



Arguments ; 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Unprocess- 
ed key 
data 



A, B 



Unprocess- 
ed key 
data 

existence 



ST 
(STATUS) 



1 bit 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


X 


X 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications: 

1 word = 10 bits 
ROM (Words) : 15 
RAM (Digits) : 2 
Stack (Digits) : 4 
No. of cycles: 17 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 



Description: 
1. Function Details 



(1) 



Argument details 
A 



Loads upper digit of 
unprocessed key data 
into key buffer. 

Loads lower digit of 
unprocessed key data 
into key buffer. 



Before 

execution 



PS (RAM) 
($032) 

PE(RAM) 
($0 3 1 ) 



PS 

m 

PE 



4 


3 




3 


3 


4 


* 


"e' 


4 




1 


2 


1 


* 



t 

PE 



Q) After 

execution 



Fig. 9.7. 



t 

PS 

I 

ST A B 

m CD 

Example of Program Module 
KEYOUT Execution 



Specifications Notes: 
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Program Module Name: Read Key Data 




MCU; HMGS402G/ 




Label: KEYOUT 






HMCS404C/HMCS408C 













Description: 



ST: Indicates existence of unprocessed key data in key buffer. 
ST=0 : Unprocessed data is in key buffer. 
ST=1: No unprocessed data is in key buffer. 

(2) Example of program module KEYOUT execution is shown in Fig. 9.7. 
After indicating program module KEYOUT, load unprocessed key data 
into A, B RAM. 

(3) KEYOUT calls neither the program module nor subroutine. 

2. User Notes 

Both KEYIN and KEYOUT must be executed in pair. 

3. RAM Allocation 





FiE'D!CjB!Aj9!8i7j( 
1 1 1 1 1 I 1 1 1 


3j5|4.|3|2|l|o 


2 






3 


L [_ L 1 J 1 J 1 _1 




4 


-1- '__] -j i i-J 1 L 


Li ' I- I Ji _ 


5 


— ! — \--] — ^-1 — t~"t"~f" 


1 1 1 1 1 1 
U I ' _L X t. 


6 




1 1 ' 1 1 1 





Fig. 9.8. RAM Allocation 



Label 



PE 



R AM 
b3 bO 



1 



MD ( $ 3 1 ) 



Description 



Ending pointer indicating key data is 
set to end of key buffer 



P S 



b3 bO 



MD($032) 



Starting pointer indicating start 
address of unprocessed key data in key 
buffer 
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Program Module Name: Read Key Data 




MCU: HMCS402C/ 




Label: KEYOUT 






HMCS404C/HMCS408C 













Description: 

4. Sample Application 



KEMN 1 



LM I D 
LM I D 
LM I D 
REMD 
S EMD 
CALL 
BR 
L YA 
XS P Y 
LAB 
L YA 
LA S PY 
LB A 
LAY 



0., P S 
0, PE 
8, PMR" 
IM 1 
I E 

KEYOUT 
KE YMN 1 J 



Clears RAM to be used 



- Initialize INT^ 

■ Clears INT^ interrupt mask 

• Enable interrupt 

• Call program module KEYOUT 



Store unprocessed data in return 
argument into RAM area 



5. Basic Operation 

(1) Input/ output to/from key buffer. 

See (1) of 5. Basic operation in program module KEYIN for details. 

(2) Output from key buffer. 

(a) Program module KEYOUT tests if valves in starting pointer PS (RAM) 
and values in ending pointer PE (RAM) are equal. 

(b) In case of PS (RAM) =PE (RAM) , no key data is in key buffer and 
bit C is set. 

(c) In case of PS (RAM) j^PE (RAM) , key data is fetched from key buffer 
pointed by PS (RAM) , and PS (RAM) is incremented. 
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Program Module Namet Read Key Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; KEYOUT 



Flowchart; 



^KEYOUT^ 



KEYOUT 



(PS) = (PE) 



(PS)=(PE) 




KEYOTl 



[(PS) ^ (PE) 



Test if unprocessed data is in key buffer 



A + $ 1-^A 



A Y 



A-^P S 



4->X 



M B 



$ 5->X 



M A 



A + $ 0-*A 



KEY0T2 



Increment starting pointer 



Load lower digit of key buffer into B 
register 



Load upper digit of key buffer into 
accumulator 



Clear status flag 



^ R T N ^ 
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9.4 SUBROUTINE DESCRIPTION 



This application example calls no subroutines. 



9.5 PROGRAM LISTING 



ST-NO OBJECT ADRS SOURCE STATEMENTS 



nnnn ^ 
UUUUi 


1 DF 




nnnn 
uuuu 




LLEN 


132 




uuuuz 










TITLE 


UTILIZING 


COMMERCIAL KEYBOARDS 


00003 
















UUUU4 










RAM ALLOCATION *>»ok)K)K*»<)K*»<>»<>k)K 


UUUUb 








* 








UUUUo 








PE 


EQU 


$031 


ROLL BUFFER END POINTER 


00007 








PS 


EQU 


$032 


ROLL BUFFER START POINTER 


UUUUo 








* 








UUUUt 










SYMBOL DEFINITIONS 




UUUiU 








»< 








0001 1 








PMR 


EQU 


$004 


PORT MODE REGISTER 


00012 








IFl 


EQU 


0.$001 


INTERRUPT REQUEST FLAG 


UUUi. J 








IMl 


EQU 


1,$001 


INTERRUPT MODE FLAG 


00014 








IE 


EQU 


0,$000 


INTERRUPT ENABLE 


00015 










00016 
















nnm 7 

UUUi ( 












VECTOR ADDRESSES * 


00018 








* 








00019 










00020 








* 








00021 










ORG 


$0000 




nnn9'? 

UUUZZ 
















nnnr?"^ 

UUUZ-> 


X Z)\J 


m n 

UlU 


uuuu 




JMPL 


KEYMN 


RESET 


nnn'^z. 

UUU^H 


i 3U 


n 1 n 

UiU 


nnn':) 
UUU^ 




JMPL 


KEYMN 


INTO 


00025 


1 c:n 

X DU 


028 


nnn^i 

UUUH 




JMPL 


KEYIN 


INTl 


00026 


IdU 


UiU 


0006 




JMPL 


KEYMN 


TIMER-A 


nnn'77 

UUUZ < 


1 c;n 

iDU 


ni n 

UiU 


nnnn 
uuuo 




JMPL 


KEYMN 


TIMER-B 


UUU^o 










nnnoo 
uuu/y 








* 








nnn^n 

UUUjU 








* 




MAIN PROGRAM 


: KEYMN * 


UUUj i 
















00032 










nnnxT 

UUU-)-> 








>« 








00034 










ORG 


$0010 




nnn"s:c 
UUUjb 
















nnnx/i; 

UUU jO 


npn 

Ur u 




nm n 

UUiU 


KEYMN 


LWI 


$0 


INITIALIZE W REGISTER 


00037 


1 AO 


032 


001 1 




LMID 


0,PS 


CLEAR RAM 


00038 


1 ^n 

iHU 


n"? 1 
U->i 


nm T 
UUi-> 




LMID 


O.PE 




00039 


1 A8 


004 


0015 




LMID 


8. PMR 


SELECT INTl 


00040 


189 


001 


0017 




REMD 


IMl 


CLEAR INTERRUPT MASK 


nnn^i i 

UUUH J. 


184 


nnn 

UUU 


nm o 

UUi 7 




SEMD 


IE 


ENABLE INTERRUPTS 


00042 


160 


048 


OOIB 


KEYMNl 


CALL 


KEYOUT 


READ BUFFER DATA 


00043 


318 




OOID 




BR 


KEYMNl 


TEST IF READ 


00044 


0D8 




OOIE 




LYA 




EXCHANGE A AND B 


00045 


002 




OOIF 




XSPY 






00046 


048 




0020 




LAB 






00047 


008 




0021 




LYA 






00048 


058 




0022 




LASPY 






00049 


oca 




0023 




LBA 






00050 


OAF 




0024 




LAY 






00051 


160 


058 


0025 




CALL 


TPR 


CONVERT ASCII LOWERCASE INTO 


00052 


327 




0027 


PEND 


BR 


PEND 




00053 










00054 
















00055 










NAME 


: KEYIN CRECEIVE KEY DATA) * 


00056 








)X 








00057 










00058 








* 






* 


00059 








* 


ENTRY 


: NOTHING 




00060 








* 


RETURNS 


: NOTHING 




00061 








* 






* 


00062 










00063 


188 


001 


0028 


KEYIN 


REMD 


IFl 


CLEAR INTERRUPT REQUEST FLAG 


00064 


2FF 




002A 




XMRA 


$F 


SAVE REGISTER 


00065 


068 




0028 




LASPX 






00066 


2FE 




002C 




XMRA 


$E 




00067 


001 




002D 




XSPX 






00068 


068 




002E 




LASPX 






00069 


2FD 




002F 




XMRA 


$D 




00070 


OAF 




0030 




LAY 






00071 


2FC 




0031 




XMRA 


$C 




00072 


190 


031 


0032 




LAMD 


PE 


INCREMENT END POINTER 


00073 


281 




0034 




AI 


$1 




00074 


104 


032 


0035 




ANEMD 


PS 


TEST IF KEY BUFFER IS FULL 


00075 


339 




0037 




BR 


KEYINl 
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00076 


342 








BR 








00077 


194 


031 


0039 


KEYINl 


LMAD 


PE 






00078 


008 




0038 




LYA 








00079 


255 




003C 




LAR 


$5 




1 r\^D 1 IPPPP HTRTT nP k'PY n^T^ TMTn k'PY Rl IPPPR 


oooao 


224 




003D 




LXI 


$4 






00081 


094 




003E 




LMA 










254 




UU 




LAR 


$4 




1 nAn 1 ni.ipp nTfSTT np i/py hata tnitd i.'pv qi ipppp 
LUHU LUWtn Ulul 1 Ur KtT UR 1 H IN 1 U NtT oUrrtn 


00083 


225 




UUhU 




La JL 








00084 


094 




UUH i 




LMA 








00085 


2FC 














RP^JTnDP PPflTCTPRC 


UUUOO 


0D8 








LYA^ 








00087 


2FE 




0044 




XMRA 


$E 








0E8 
















00089 


001 




0046 




XSPX 










2FD 




0047 




XMRA 


$D 






00091 


0E8 




UUHO 




LXA 








00092 


2FF 








XMRA 


$F 






00093 


01 1 




004A 




RTNI 








00094 










00095 
















* 


00096 










NAME : 


: KEYOUT (READ KEY DATA) * 


00097 








* 










00098 










00099 








* 








* 


00100 










ENTRY ; 


; NOTHING 






00101 








* 


RETURNS : 


: ACCUMULATOR 


B REGISTER (KEY DATA) * 


00102 








* 




STATUS <ST= 


:0:TRUE.ST=1;FALSE) ^ 


00103 


















00104 










00105 


190 


032 


004B 


KEYOUT 


LAMD 


PS 




START POINTER = END POINTER ? 


00106 


104 




004D 




ANEMD 


PE 






00107 


351 




uutr 




BR 


KEYOTl 






00108 


35A 




UU3U 




BR 


KEY0T2 






00109 


281 




UU3 J. 


KEYOTl 


AI 


$1 




INCREMENT START POINTER 


001 10 


008 








LYA 








001 1 1 


194 


032 


0053 




LMAD 


PS 






001 12 


224 




0055 




LXI 


$4 




LOAD LOWER DIGIT OF KEY BUFFER INTO B REG 


001 13 


OCO 




0056 




XMB 








001 14 


225 




UUD f 




LXI 


$5 




LOAD UPPER DIGIT OF KEY BUFFER INTO ACCA 


001 15 


090 




0058 




LAM 








001 16 


280 




UU37 




AI 


$0 




CLEAR STATUS FLAG 


001 17 


010 




005A 


KEYGT2 


RTN 








001 18 








)K )t( >K >k >K )K >K >K >K >K )k )K )t( >K >K >t( )«( >K >K )K }4( )K )K >K )K 3k )»( )K )K )K >K >K >K >K >K >t( )K >K >K )K >K >K )K >K ^ 


001 19 








* 










00120 










NAME ; 


; TPR (CONVERT ASCII LOWERCASE INTO 


00121 








*■ 




UPPERCASE) * 


00122 








* 










00123 








}K )K >K >K >t( )K )t( >K >K >K )K )K >«< )K >k )K )K >K >K >K >K >K >K )K >K >K >K )«( >k >K ><( >K >K >K )K )K )K )K )K >K )K )K ^ 


00124 








* 








* 


00125 










ENTRY ; 


: A (UPPER 


4 


BITS OF ASCII LOWERCASE) * 










* 




B (LOWER 


4 


BITS OF ASCII LOWERCASE) * 


00127 










RETURNS : 


: A (UPPER 


4 


BITS OF ASCII UPPERCASE) * 


nm 9ft 
uui zo 








* 




B (LOWER 


4 


BITS OF ASCII UPPERCASE) * 


00129 


















00130 










00131 


008 




005B 


TPR 


LYA 






LOAD UPPER 4 BITS OF ASCII LOWERCASE 


00132 


048 








LAB 






LOAD LOWER 4 BITS OF ASCII LOWERCASE 




076 




UU3U 




YNEI 


$6 




UPPER 4 BITS OF ASCII L0WERCASE=$6 ? 


001 34 






UUoc 




BRS 


TPR3 




BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE =/$6 


00135 


280 








ALEI 


$0 




LOWER 4 BITS OF ASCII LOWERCASE =<$0 ? 


001 36 


363 




uuou 




BRS 


TPR2 




BRANCH IF LOWER 4 BITS OF ASCII LOWERCASE =<$0 


00137 


OAF 




0061 


TPRl 


LAY 






LOAD A FROM Y 


00138 


28E 




0062 




AI 


$E 




CONVERT LOWERCASE INTO UPPERCASE 


00139 


010 




nOAX 

UUo j> 


TPR2 


RTN 








001 40 


077 




0064 


TPR3 


YNEI 


$7 




UPPER ASCII =$7 ? 


00141 


363 




UUOD 




BRS 


TPR2 




BRANCH IF UPPER 4 BITS OF ASCII LOWERCASE 


00142 


2BA 




0066 




ALEI 


$A 




LOWER 4 BITS OF ASCII LOWERCASE =<$A ? 


00143 


361 




0067 




BRS 


TPRl 




BRANCH IF A = < $A 


00144 


363 




0068 




BRS 


TPR2 




BRANCH IF A > $A 


00145 








* 










00146 










END 
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SECTION 10. CLOCK SYNCHRONOUS SCI (EXTERNAL CLOCK) 



10.1 HARDWARE DESCRIPTION 



10.1.1 Function 



(1) Receives ASCII sent from master as clock synchronous serial data 
using the HMCS404C, converts the received data from ASCII 
lowercase into uppercase and sends it to the master system. 

(2) Converts ASCII lowercase into uppercase, if lowercase is 
received. 

(3) Uses protocol in which data is sent from master system first. 



(1) Transfers data to/from master system using clocked synchronous 
serial communication interface (hereinafter, SCI) . 

(2) Transfers data by sending master receives request to master 
system and receiving transfer clock from master system using 
port D. 

(3) Outputs port Dq slave receives request signal and informs 
data transfer to slave system. 



10.1.2 Microcomputer Application 



10.1.3 Circuit Diagram 



+5V 



MCU 
HMCS404C 
'HMCS4.0 20 
•HMCS408C 



50 



TEST 



+5V 



+5V 




~] Slave receives request signal 




Master receives request signal 55 



Master 



system |SQ 
1^ 



request signal 



I I 
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Fig. 10.1. SCI Serial Communication 



10.1.4 Pin Functions 



Pin functions at the interface between the HMCS404C SCI pins and 
master system pins. 

Table 10.1. Pin Functions 



Active 



Pin Name 


Input/ 
Output 


Level 
(High 
or Low) 


Function 


Pin Name 
f Master 1 
I, System J 


R40/SCK 


Input 


Low 


Inputs transfer clock when 
receiving/sending serial 
data 


Serial 
clock 


R41/SI 


Input 




Inputs serial data 


Serial 

data 

output 


p . ^ /cn 


vJU UpU U 




Outputs serial data 


Serial 

data 

input 




Output 


Low 


Requests transfer clock to 
output to master system 


Master 
receives 
request 
signal 


■^0 


Input 


Low 


Inputs transfer clock 
request from master system 
and output clock if low 


Slave 
receives 
request 
signal 
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10.1.5 Hardware Operation 

SCI timing chart is shown in Fig. 10.2. 



Holds SRU:SRL data to be sent 



Transfer 



'Master receives 

request signal (Dx) 

SCK 

SO 



r 




LSB 



MSB 



Receive 



Slave receives 
request signal 

SCK 
SI 

Receives data 
input latch 
timing 



- Transfer data to master system 



r 



n_ji^ruTJT_ru~LrLr 

1 1 1 LJ \ L 



Set IFS. 



Fig. 10.2. SCI Timing Chart 



10.2 SOFTWARE DESCRIPTION 



10.2.1 Program Module Configuration 



The program module configuration for SCI communication with master 
system is shown in Fig. 10.3. 



SCISMN 



SCISTR 



SCI Slave | 1 
Receive/ 
Transfer 



Main 
Program 



TPR 



Convert ASCII [2 
Lowercase into 
Uppercase 



Fig. 10,3. Program Module Configuration 



206 HITACHI 



10.2.2 Program Module Functions 

Program module functions are summarized in Table 10.2. 



Table 10.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


SCISMN 


Communicates with master system 
using clocked synchronous interface 
SCI 


1 


SCI Slave Receive/ 
Transfer 


SCISTR 


Receives data from master system 
using external clock 


2 


Convert ASCII 
Lowercase into 
Uppercase 


TPR 


Converts ASCII lowercase into 
uppercase. (Refer to TPR in 
HMCS400 Series Application Note 



(Software Edition) for details) 
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10.2.3 Program Module Application (Main Program) 

Flowchart in Fig. 10.3 is an example of receiving ASCII from master 
system, converting ASCII lowercase into uppercase and sending it to 
master system, performed by the program module in Fig. 10.3. 



^SC I SMN^ 



SCISMN 



$ -^W 



Main program 



Initialize W register 



$0-* SCI SDK 



$ 0-^SC I SRU 
: SC I SRL 



$0->SCIMTD — 



$ 0-^SC IMEF 



$ 0-SCI ASU 
: SC I ASL 



$ WDo 



$ F SMR Select external clock 





SCISMl 



$ 1-*D, 






$ 2 -* PMR 






$ F SMR 









I F S 









I M S 






1 


I E 






S T S 




Initialize RAM to be used 



Initialize Port Dn 



Initialize Port 



Select receive mode 



I F S Clear SCI interrupt request flag 



0->IMS Clear SCI interrupt mask 



Enable interrupt 



0, SCISOK 



0, SCISOK 
= 



-{ 

M7>{ 



Start SCI 

Test if data is received from master 
system 



Fig. 10.4. Program Module Flowchart 
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0, SCIMTD 
= 



SCI SM3 




SCISM2 I O.^SCIMTD 
Do = 

Do = ^ 



SCI ASU 

SRU 






SCIASL 

^ SRL 






$ 1 -* 


PMR 






$ 0-SC IMTD 






WSCISOK 






- 


> Di 



SCISM4 0' SCIMEF 

_ = 

I. SCIMEF" 



1 0' SCIMEF 
SCISM5 =1 



1 -►SC IMTD 



0-^SCIMEF 



SCI SM6 



S C I S RL-»B 



S C I S RU-^A 



Test if sending data 



Test if slave receive requested 



Load sending data into serial data 
register 



Select sending mode 
Clear sending data flag 
Set sending data flag 
Master received request = 

Test receiving complete flag 

Set sending data flag 
Clear receiving complete flag 



Load TPR entry argument 



Fig. 10.4. Program Module Flowchart (Cont) 
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T P R 








A-^SC lASU 






B-*SCIASL 



■ Call TPR and convert ASCII lowercase 
into uppercase. (Refer to TPR in 
HMCS400 Series Application Note 
(Software Edition) for details) 



Store return argument of TPR in RAM 



^ S CI S TR^ 



SCI interrupt routine 



SCI STR 



Receive/Transfer 
data 



{Execute SCISTR and sending/receiving 
data to/from master system 



^ RTNl"^ 



Fig. 10.4. Program Module Flowchart (Cont) 



210 HITACHI 



10.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: SCI SLAVE 




MCU: HMCS402C/ 




Label: SCISTR 


transfer/receive 




HMCS404C/HMCS408C 













Function: 

(1) Input serial clock and receives data from master system. 

(2) Permits outputting when slave system cannot output serial clock. 



Arguments : 
Contents 


1 digit = 

Storage 

Location 


4 bits 
No. of 

Digits 


Entry 


Re_ Received 


SCISRV 
SCl^R^^ 


1 


turns data 


(RAM) 


1 


End of 

received 

data 


SCIMEF 
(RAM) 


1 





Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


X 



• : Not Affected 
X : Undefined 
t : Result 



Specifications; 

1 word = 10 bits 
ROM (Words) : 25 
RAM (Digits) : 4 
Stack (Digits) : 
No. of cycles: 20 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 



Description: 

1. Function Details 

(1) Argument details 

SCISRV (RAM) : Contains data 
SCISRL sent from master 

system. 

SCIMEF (RAM) : Indicates 

existence of 
received data. 



© Input 



SCK pin 



SL pin 



bit 



bit 7 



(D Return 
argument 



SCISRU 
SCISRL 
1-byte data 
(•C'=$43) 

SCIMEF 
($01) 



SCISRU: ^ 
b7 SCISRL bO 
T 



SCIMEF 

n — 



Fig. 10.5. Example of SCISRD Execution 



Specifications Notes: d) "No. of cycles" in "SPECIFICATIONS" represents the 
number of cycles are needed when having no wait time for receiving data. 
(2) Reset interrupt request flag with SOFTWARE in interrupt routine. 
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Program Module Name: SLAVE 
TRANSFER /RECEIVE 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: SCISTR 



Description: 

SCIMEF (RAM)=1: Data is received from master system. 
SCIMEF (RAM)=0: No data is received from master system. 

(2) SCISTR execution stores contents of SCI data register in SCISRU(RAM) 
and SCISRL (RZ\M) . 

(3) SCISTR calls neither program modules nor subroutines. 

2. User Notes 

(1) When program module SCISTR is used, resetting system (in case of 
power on reset, supplying power) should be performed from master 
system. 

(2) Program module SCISTR should be called before master system begins 
to send data. 

3. RAM Allocation 





F 1 E 


D 


C 


1 r "1 


1 — 1 

9 


8 


7 


1 r- I 

6 1 5 1 4. 


■ -T r---v"" 

3 1 2 1 1 } 


2 





















"i , 1 


3 


__L__ 






J 














4 




— 












1 








1 


5 






J 


1 








1 
1 










6 












_[ 












Label 



S C I S OK 



Fig. 10.6. RAM Allocation 
RAM Description 



b3 bO 



m 



MD($0 30) 
hi 



SCISRU: SCISRL 



bO 



MD ( $ 3 3 , $ 3 2 ) 
b3 bO 



SCIMEF 



Flag indicating if data is received 
from master system 



Store data sent from master system 



Flag indicating existence of receives 
data 



MD($035) 
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Program Module Name: sci SLAVE 




MCU: HMCS402C/ 




Label: SCISTR 


TRANSFER /RECE I VE 




HMCS404C/HMCS408C 













Description: 
4. Sample Application 



LOOP 1 
LOO P 2 



S EDD 
LM I D 
LM I D 
R EMD 
REMD 
S EMD 
TMD 
BR 
BR 

LM I D 
L AMD 
L B A 
L AMD 



$ 1 

$ 2, PMR 
$ F, SMR 
I F S 
IMS 
I E 

$ 0, S C I ME F 
LOOP 1 
L O O P 2 
$ 0, S C I ME F 
SC I SRL 



S C I S RU 



Set Port to High 
•• Select received mode 

•• Load clock source into external clock 
•• Clear SCI interrupt request flag 
•■ Clear SCI interrupt mask 
•• Enable interrupt 

•• Test if receiving completed 

•• Clear flag indicating receive 
completion 

•• Load receives data into Accumulator 
and B register 



5. Basic Operation 

(1) Receives serial data using SCI interrupt routine. 

(2) In case of receiving complete, read receives data and set flag 
indicating receive completion. 

In case of sending complete, select receives mode and clear flag 
indicating send data. Set master receives request to high. 

(3) Serial interface movement is started by STS instruction. 
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Program Module Name ; sci SLAVE 
TRANSFER/RECEIVE 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SCISTR 



Flowchartt 



^ S C I ST 



SCISTR 



I FS 



0, SCISOK=0 



SCIST2 



0, SCI 
SCISTl =1 



S RL 

S C I S RL 



S RU 

-* S C I S RU 




0->SC I SOK 



1->SCIMEF 



SCIST3 



S T S 



Clear SCI interrupt request flag 

Test if sending data 

Select received mode 

— Clear flag indicating send data 



Set master received request flag to 
high 



Load content of serial data register 
into RAM 



Set flag indicating receive completion 



Start SCI 



A ^MR($F) 



— { 



Restore register 



^ R T 
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10.4 SUBROUTINE DESCRIPTION 



This application example calls no subroutines. 
10.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


363 




0000 




LLEN 


132 




00002 










TITLE 


CLOCKED SYNCHRONOUS SCI (EXTERNAL CLOCK) 


00003 
















00004 








**** 


RAM ALLOCATION **************************************** 


00005 
















00006 








SCISOK 


EQU 


$030 


FLAG FOR SENDING DATA 


00007 








SCISRU 


EQU 


$032 


UPPER RECEIVED DATA 


00008 








SCISRL 


EQU 


$033 


LOWER RECEIVED DATA 


00009 








SCIMTD 


EQU 


$034 


SENDING DATA FLAG 


00010 








SCIMEF 


EQU 


$035 


RECEIVING DATA COMPLETE FALG 


00011 








SCIASU 


EQU 


$036 


UPPER OUTPUT DATA 


00012 








SCIASL 


EQU 


$037 


LOWER OUTPUT DATA 


00013 








* 








00014 










SYMBOL 


DEFINITIONS ************************************ 


00015 








* 








00016 








PMR 


EQU 


$004 


PORT MODE REGISTER 


00017 








SMR 


EQU 


$005 


SERIAL MODE REGISTER 


00018 








SRL 


EQU 


$006 


LOWER SERIAL DATA REGISTER 


00019 








SRU 


EQU 


$007 


UPPER SERIAL DATA REGISTER 


00020 








IMS 


EQU 


1 , $003 


INTERRUPT MASK OF SERIAL 


00021 








IFS 


EQU 


0.$003 


INTERRUPT REQUEST FLAG 


00022 








IE 


EQU 


0,$000 


INTERRUPT ENABLE FLAG 


00023 










00024 
















00025 








* 




VECTOR ADDRESSES 


* 


00026 














* 


00027 








)K )K >K >«(>(( >k >k )«( )K « >K « )k )k » >K )K « )k >k )«c 3k )K )K }k )K « >k « )K « >K )t( « )K >t( >K >k >K 


00028 
















00029 










ORG 


$0000 




00030 








* 








00031 


1 c.r\ 

X 3U 


010 


0000 




JMPL 


SCISMN 


RESET 


00032 


1 Qn 


ni n 

UiU 


0002 




JMPL 


SCISMN 


INTO 


00033 


1 

I DU 


010 


0004 




JMPL 


SCISMN 


INTl 


00034 


1 c:n 

i 3U 


UlU 


0006 




JMPL 


SCISMN 


TIMER-A 


00035 


150 


U J. u 


0008 




JMPL 


SCISMN 


TIMER-B 


00036 


uuu 




OOOA 




NOP 






00037 


000 




OOOB 




NOP 






00038 


1 CO 




OOOC 




JMPL 


SCISTR 


SERIAL 


00039 








)K >K >K )K )k >k >k >k )K )k >K >K >k >k >k >K )k )k )k >K >K )K >k >K >k )k >K )K >K >K >k )K >K >)< >K )k )K )k >k )k >k >k >K >k )K * 


00040 














* 


00041 












MAIN PROGURAM : 


SCISMN * 


00042 














* 


00043 








********************************************* 


00044 
















00045 










ORG 


$0010 




00046 








* 








00047 


OFO 




0010 


SCISMN 


LWI 


$0 


INITIALIZE W REGISTER 


00048 


lAO 


030 


0011 




LMID 


$0. SCISOK 


INITIALIZE RAM 


00049 


1 AO 


032 


0013 




LMID 


$0, SCISRU 




00050 


1 AO 


033 


0015 




LMID 


$0, SCISRL 




00051 


lAO 


034 


0017 




LMID 


$0. SCIMTD 




00052 


1 AO 


035 


0019 




LMID 


$0. SCIMEF 




00053 


1 AO 


036 


OOIB 




LMID 


$0, SCIASU 




00054 


lAO 


037 


OOID 




LMID 


$0, SCIASL 




00055 


2E0 




OOIF 




SEDD 


$0 


INITIALIZE D PORT 


00056 


2E1 




0020 




SEDD 


$1 




00057 


1A2 


004 


0021 




LMID 


$2 , PMR 


INITIALIZE PMR 


00058 


lAF 


005 


0023 




LMID 


$F,SMR 


INITIALIZE SMR 


00059 


188 


003 


0025 




REMD 


IFS 


INITIALIZE IFS 


00060 


189 


003 


0027 




REMD 


IMS 


INITIALIZE IMS 


00061 


184 


000 


0029 




SEMD 


IE 


ENABLE INTERRUPT 


00062 


148 




002B 




STS 




SCI START 


00063 


18C 


030 


002C 


SCISMl 


TMD 


$0. SCISOK 


TEST IF SENDING DATA 


00064 


34D 




002E 




BR 


SCISM6 




00065 


18C 


034 


002F 




TMD 


$0, SCIMTD 


TEST IF SCIMTD 


00066 


333 




0031 




BR 


SCISM2 




00067 


345 




0032 




BR 


SCISM4 




00068 


2A0 




0033 


SCISM2 


TDD 


$0 


TEST IF SLAVE RECEIVE REQUESTED 


00069 


336 




0034 




BR 


SCISM3 




00070 


34D 




0035 




BR 


SCISM6 




00071 


190 


036 


0036 


SCISM3 


LAMD 


SCIASU 


LOAD SENDING DATA INTO SERIAL DATA 


00072 


194 


007 


0038 




LMAD 


SRU 




00073 


190 


037 


003A 




LAMD 


SCIASL 




00074 


194 


006 


003C 




LMAD 


SRL 
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00075 


lAl 


004 


003E 




LMID 


Sl.PMR 


SELECT SENDING MODE 


00076 


1 AO 


034 


0040 




LMID 


$0. SCIMTD 


CLEAR SENDING DATA FLAG 


00077 


1 Al 


030 


0042 




LMID 


$1 f SCISOK 


SET SENDING DATA FLAG 


00078 


261 




0044 




REDD 


$1 


CLEAR MASTER RECEIVE REQUEST 


00079 


18C 


035 


0045 


SCISM4 


TMD 


$0. SCIMEF 


TEST RECEIVING COMPLETE FLAG 


00080 


349 




0047 




BR 


SCISM5 




00081 


34D 




0048 




BR 


SCISM6 




00082 


lAl 


034 


0049 


SCISM5 


LMID 


$1 . SCIMTD 


SET SENDING DATA FLAG 


00083 


lAO 


035 


0048 




LMID 


$0. SCIMEF 


CLEAR RECEIVING COMPLETE FLAG 


00084 


190 


033 


004D 


SCISM6 


LAMD 


SCISRL 


LOAD TPR ENTRY ARGUMENT 


00085 


0C8 




004F 




LBA 






00086 


190 


032 


0050 




LAMD 


SCISRU 




00087 


160 


076 


0052 




CALL 


TPR 


LUlMVtK 1 LUWtKLRbt ilNIU UrrtnLHbt 


00088 


194 


036 


0054 




LMAD 


SCIASU 


STORE TPR RETURN ARGUMENT IN RAM 


00089 


048 




0056 




LAB 






00090 


194 


037 


0057 




LMAD 


SCIASL 




00091 


150 


02C 


0059 




JMPL 


SCISMl 




00092 










00093 








>»< 






* 


00094 










NAME : 


SCISTR 




00095 
















00096 










00097 














* 


00098 










ENTRY : 


NOTHING 




00099 








* RETURNS : 


SCISRU (UPPER 


RECEIVED DATA) * 


00100 








* 




SCIRDU (LOWER 


RECEIVED DATA) * 


00101 








* 




SCIMEF (SCIMEF 


= 1 .'TRUE, SCIMEF=0; FALSE) * 


00102 
















00103 










00104 


188 


003 


005B 


SCISTR 


REMD 


IFS 


CLEAR SERIAL INTERRUPT REQUEST FLAG 


00105 


2FF 




005D 




XMRA 


$F 


SAVE A REGISTER 


00106 


18C 


030 


005E 




TMD 


$0, SCISOK 


TEST IF SENDING DATA 


00107 


362 




0060 




BR 


SCISTl 




00108 


369 




0061 




BR 


SCIST2 




00109 


1A2 


004 


0062 


SCISTl 


LMID 


$2,PMR 


SELECT RECEIVING MODE 


001 10 


1 AO 


030 


0064 




LMID 


$0. SCISOK 


CLEAR SENDING DATA FLAG 


001 1 1 


2E 1 




0066 




SEDD 


$1 


SET MASTER RECEIVE REQUEST FLAG 


001 12 


150 


073 


0067 




JMPL 


SCIST3 




001 13 


190 


006 


0069 


SCIST2 


LAMD 


SRL 


STORE RECEIVED DATA IN RAM 


001 14 


194 


033 


0068 




LMAD 


SCISRL 




00115 


190 


007 


006D 




LAMD 


SRU 




001 16 


194 


032 


006F 




LMAD 


SCISRU 




00117 


1 Al 


035 


0071 




LMID 


$1, SCIMEF 


SET RECEIVING COMPLETE FLAG 


00118 


148 




0073 


SCIST3 


STS 




SCI START 


00119 


2FF 




0074 




XMRA 


$F 


RESTORE A REGISTER 


00120 


Oil 




0075 




RTNI 






00121 










00122 








>»< 








00123 










NAME : 


TPR (COVERT ASCII LOWERCASE INTO UPPERCASE) * 


00124 








>»< 






* 


00125 








)K >K >K >K >K ><< >k )K >K )K )K >K >k >K )«( )K >K )K >k >K >t< >k )K >K >K >K >K )K >K >K >K >K )K >K )K >K >t( )K >k >K >K >K >K )K 


00126 


0D8 




0076 


TPR 


LYA 




LOAD UPPER 4 BIT OF ASCII LOWERCASE 


00127 


048 




0077 




LAB 




LOAD LOWER 4 BIT OF ASCII LOWERCASE 


00128 


076 




0078 




YNEI 


$6 


UPPER 4 BIT OF ASCII LOWERCASE = $6 ? 


00129 


37F 




0079 




BRS 


TPR3 


BRANCH IF UPPER 4 BIT OF ASCII LOWERCASE 


00130 


2B0 




007A 




ALEI 


$0 


LOWER 4 BIT OF ASCII LOWERCASE =< SO ? 


00131 


37E 




007B 




BRS 


TPR2 


BRANCH IF LOWER 4 BIT OF ASCII LOWERCASE 


00132 


OAF 




007C 


TPRl 


LAY 




LOAD A FROM Y 


00133 


28E 




007D 




Al 


$E 


CONVERT LOWERCASE INTO UPPERCASE 


00134 


010 




007E 


TPR2 


RTN 






00135 


077 




007F 


TPR3 


YNEI 


$7 


UPPER ASCII =$7 7 


00136 


37E 




0080 




BRS 


TPR2 


BRANCH IF UPPER 4 BIT OF ASCII LOWERCASE 


UUi-> r 


2BA 




0081 




ALEI 


$A 


LOWER 4 BIT OF ASCII LOWERCASE =< $A 7 


00138 


37C 




0082 




BRS 


TPRl 


BRANCH IF A =< $A 


00139 


37E 




0083 




BRS 


TPR2 


BRANCH IF A > $A 


00140 
















00141 










END 







216 HITACHI 



SECTION 11. CLOCK SYNCHRONOUS SCI (INTERNAL CLOCK) 

11.1 HARDWARE DESCRIPTION 

11.1.1 Function 

(1) Transfers clock synchronous serial data to slave system, and 
receives data from slave. 

(2) Interfaces transfer clock output pin (hereinafter, SCK) , 
serial data input pin (hereinafter, SI) and serial data output 
pin (hereinafter, SO) of the HMCS404C to master pins with each 
pin of slave system. 

(3) Handshakes using transfer/receive control signal to transfer 
or receive data. 

11.1.2 Microcomputer Applications 

(1) Transfers data to/from slave system using clock synchronous 
serial communication interface (hereinafter, SCI) . 

(2) Inputs master receives request signal port Di from slave 
system. Outputs transfer rate clock to slave system considering 
input state and receives data. 

(3) Outputs slave receives request signal from port Dq to inform data 
transfer to slave system. 
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11.1.3 Circuit Diagram 



MCU 
HMCS404C 
/HMCS4.0 2C\ 
^HMCS408C>' 



100kJ^< 



-1S2076 

HD74HC14 



: ioyF= 



22pF 



4MHz CD mu< 



22pF 



I 1 Slave receives request signal 



I 

I Master receives request signal 55 



I Slave 
I system 

I 
I 
I 



[SI 


35 


j so 


34 


1 33 



vcc 

RESET 

OSCi 

OSC2 
GND 



D, 

R42/SO 
R41/SI 
R40/SCK 



Fig. 11.1. Clock Synchronous SCI Circuit 
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11.1.4 Pin Functions 

Pin functions at the interface between the HMCS404C SCI pins and 
slave system are shown in Table 11.1. 

Table 11.1. Pin Functions 

Active 
Level 



Pin Name 
(HMCS404C) 


Input/ 
Output 


(High 
or Low) 


Function 


Pin Name 
(Slave system) 


SCK 


Output 


Low 


Outputs transfer clock 


Serial clock 


SI 


Input 




Receives data 


Serial data 
output 


SO 


Output 




Transfers data 


Serial data 
input 


Dl 


Input 


Low 


Inputs transfer clock 
request from slave . 
Outputs clock if low 


Master receives 
request signal 


Do 


Output 


Low 


Informs transfer start 
to slave 


Slave receives 
request signal 



11.1.5 Hardware Operation 

SCI timing chart is shown in Fig. 11.2. 



Transfer 

Slave receives 
request signal (Dq) 

SCK 

SO 

Receive 
Master receives 



•Loads data to be sent into SRU, SRL 



SI 

Receives data 
latch timing 



, maxlO/<s 




Slave sends data 



MSB 



master receives i 
request signal ^^'^ L 

SCK 




MSB 



i \ I I I 



Fig. 11.2. SCI Timing Chart 
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11.2 SOFTWARE DESCRIPTION 

11.2,1 Program Module Configuration 

The program module configuration for serial communication with 
slave system is shown in Fig. 11.3. 



SCIMMN 



HI 



Main Program 



SCIMTR 



SCI Master 
Transfer 



SCMTRD 



SCI Master 

Receives 



Fig. 11.3. Program Module Configuration 

11.2.2 Program Module Functions 

Program module functions are summarized in Table 11.2. 



Table 11.2. Program Module Functions 

No. Program Module Name Label Function 



Main Program 



SCIMMN Sends data to slave system and 
receive it from slave system 
without change by using the 
HMCS404C SCI 



1 SCI Master Transfer SCIMTR Sends serial data to slave system 

using internal clock 



2 SCI Master Receive SCMTRD Receives data from slave system 

using internal clock 
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11.2.3 Program Module Sample Application (Main Program) 

The flowchart in Fig. 11.4 is an example of sending serial data to 
slave system and receiving it from slave system, performed by the 
program modules in Fig. 11.3. 



^ S C I MMN^ 



SCIMMN 



-i 



Main Program 

Initialize W register 



$ o->sc 1 SOK 



$ 0-*SC IMOK 



So- 


SC I SRU 
SCI SRL 






so— 


SC IMTD 



$ 0-SC IMEF 



Initialize RAM to be used 



1 — Do 



1 — 


I MS 




$ 3 — 


PM R 




$ D - 


S M R 




— 


I F S 




-»• 


I MS 




1 — 


I E 




S 6 


- B 


/ 1 


$ 1 


- Y 






$ 1-SCIMTD 



-{ 



-{ 



Initialize port Dq 
Initialize port D]_ 
Clear SCI interrupt mask 

Select transfer/receive mo^e 

Select prescaler divide ratio as ^ 2 
and system clock divide ratio as ^ 4 

Clear SCI interrupt request flag 
Clear SCI interrupt mask 
Enable interrupt 



Store ASCII A uppercase in B register 
and Y register 



Store flag indicating existence of 
sending data 



Fig. 11.4. Program Module Flowchart 
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S C I MT R - 



SCIMNl 
0, SCIMEF=0 




SCIMN2 



0, SCIMEF 
= 1 



S RU 

S C I S RU 






S RL 

-» S C I S RL 







^ E N D ^ 



Execute SCIMTR 



Test receiving complete flag 



Load receives data into SCISRU(RAM) and 
SCISRL(RAM) 



C M T R 



SCMTRD 



Receive data 



^ R T N 



SCI interrupt routine 

{Execute SCMTRD and receiving data 
from master system 



Fig. 11.4. Program Module Flowchart (cont.) 
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11.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: SCI MASTER 




MCU; HMCS402C/ 




Label: SCIMTR 


TRANSFER 




HMCS404C/HMCS408C 













Function: 



Sends data in B and Y register to slave system using internal clock. 



Specifications : 

1 word = 10 bits 
ROM (Words) : 41 
RAM (Digits) : 3 
Stack (Digits) : 
No. of cycles: 43 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 



Description: 

1. Function Details 

(1) Argument details 
B register, Y register (RAM) : 

Holds data to be sent to 
slave system. 

(2) Program module SCIMTR execution 
loads entry argument content 
into SRU, SRL and sends it to 
slave system. 

(3) SCIMTR calls neither program 
modules nor subroutines. 

Fig. 11.5. Example of SCIMTR Execution 



Specifications Notes: 



Arguments : 


1 digit = 


4 bits 






Storage 


No. of 


Contents 


Location 


Digits 




Data to 


B 




Entry 


be sent 


1 




Data to 




1 




be sent 


Y 




Re- 








turns 











Changes in CPU 
Registers and Flags: 



X 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


X 



• : Not Affected 
X : Undefined 
t : Result 



© Entry 

argument 



(2) Output 



B register: 
Y register I ^ • g I 
1 byte data » « 1 

('C'=$43) 

b7 b O 
SC I data . ^^-^ I 4 ' 3 I 
register ' • • 



so pin 



bO 



hi 
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Program Module Name: 


SCI MASTER 




TRANSFER 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SCIMTR 



Description: 

2. User Notes 

(1) Sets slave receives request signal to low and sets slave receiving 
state before program module SCIMTR execution. 

(2) When using program module SCIMTR, resetting system (in case of power 
on reset, activating power) is performed master reset firstly, then 
reset slave system secondly. 

3. RAM Allocation 





F 1 E 


D 1 C 


r— r- — 1 \ 1 1 \ r 

B 1 A 1 9 1 8 1 7 1 6 1 5 1 4. 

\ r-H \ \ \ \ 1 


1 1 1 1 

3 ] 2 [ 1 j 


2 




1 






3 


__L__ 


— 1— 
___[___ 




4 
5 




"i 1 
— I— 


1 1 1 • 1 1 r 
1 1 1 1 1 1 1 

-t-f-i--|--f-r-|— 


' 1 1 
> 1 1 


6 










Fig. 11.6. RAM Allocation 



Label 



S C I S OK 



RAM 
b3 bO 



m 



MD($0 30) 
b3 bO 



S C I MOK 



MD ( $ 3 1 ) 
b3 bO 



SC IMTD 



Description 



Flag indicating if sending data 



Flag indicating if receiving data 



Flag indicating existence of transfer 
data 



MD($034) 
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Program Module Name: sci masteR 




MCU: HMCS402C/ 




Label: SCIMTR 


TRANSFER 




HMCS404C/HMCS408C 













Description: 
4. Sample Application 



Set port Dq and D]^ high 

Select transfer/receive mode 
Select internal clock source 

Load data to be send into entry 
argument 

Subroutine call program module SCIMTR 



5. Basic Operation 

(1) When slave receives request signal is output, master receives request 
signal may output from slave system with the same timing. Then, 10 ys 
software timer is executed and master receives request signal is tested 
after slave receives request signal is output. 

(2) Transfers receives serial data if master receives request signal is 
output . 

(3) Goes to the next step after SCI interrupt request flag is set and 
transfer/receive completes. 

(4) When serial data is received, retains transfer request in output 
state until main program processes receives data so that next data 
can not be received. 



S EDD $ 

S EDD $ 1 

LM I D $ 3, PMR 

LM I D $ D, SMR 

LB I $ 6 

L Y I $ 1 

CALL SCIMTR 
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Program Module Name ; SCI MASTER 
TRANSFER 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label ; SCIMTR 



Flowchart; 



C I MTR^ 



0. SCISOK 
= 1 




-> Do 






$ 


A 



SCIM3 

A+$4-A 

SCIM4 f A>$F 

_Di = 0/ 

D. 

D, =1 
SCIM5 



$ 1 -> S C I S O K 






$0-^SCIMTD 






B S RU 






Y 


S RL 


SCIM6 




S 1 


r s 



Test if sending data 



Test if receiving data 



Test existence of master receives request 



Test existence of transfer data 



Request to send 



Execute 10 ]js software timer 



Test if existence of master receives 
request 



— Set flag indicating sending data 



-{ 



Clear flag indicating receiving data 



Store transfer data in SRU(RAM) and 
SRL(RAM) 



Start SCI 



SCIM7 



^ R T 
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Program Module Name: sCI MASTER 
TRANSFER 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SCIMTR 



Flowchart: 



SCIM8 





1 - 


* Do 


/ SCIM9 






$ A 



SCIMIO 



A^$F 



SCIMll 



$ 1-»SCIM0K 



Set slave receives request 



Execute 10 ]is software timer 



Set flag indicating receiving data 
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Program Module Name: qpj M^iiQT'pp 




MCU; HMCS402C/ 




Label: SCMTRD 


RECEIVE 




HMCS404C/HMCS408C 













Function: 

1. Outputs serial clock and receives data from slave system. 

2. Permits outputting when slave system cannot output serial clock. 



Arguments : 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Re- 
turns 



Receives 
data 



SCISRU 1 

(RAM) 
SCISRL 1 

(RAM) 



End of 

receives 

data 



SCIMEF 
(RAM) 



Changes in CPU 
Registers and Flags: 



A 


B 


• 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


• 



• : Not Affected 
X : Undefined 
I : Result 



Specifications ; 

1 word = 10 bits 
ROM (Words) : 24 
RAM (Digits) : 5 
Stack (Digits) : 
No. of cycles: 21 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 



Description: 
1. Function Details 
(1) 



Argument details 
SCISRU,SCISRL(RAM) : 

Contains data received 
from slave. 
SCIMEF (RAM): Indicates 

existence of receives data. 
SCIMEF=0: No data is received 

from slave system. 
SCIMEF=1: Data is received 

from slave system. 



(V) Input 



SCK pin 



SI pin 



t 

Bit 



t 

Bit 7 



(2) Return 
argument 



SCI data register SRUzSRL 
SRU: SRL SCIMEF b7 bO 

SCIMEF (RAM) [V] | 4. | 

1 byte data 
(•C'=$43) 



Fig. 11.7. Example of SCMTRD Execution 



Specifications Notes: 1. "No. of cycles" in "Specifications" represents the 

number of cycles needed when having no wait time 
for receiving data. 

2. Reset interrupt requests flag with software in interrupt routine. 
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Program Module Name: 


SCI MASTER 




RECEIVE 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: SCMTRD 



Description: 

(2) Program module SCMTRD execution contains SRU,SRL contents in return 
argument accumulator. 

(3) SCMTRD calls neither program modules nor subroutines. 

2. User Notes 

(1) When program module SCMTRD is executed, set Port and Port D2 to 
1. 

(2) Goes to transfer possible state in slave system before program module 
SCMTRD execution. 

3. RAM Allocation 





F 


E 


D 


C 1 B 1 A 


9 1 8 


7 


6 1 5 1 4 


3 


2 1 1 j 


2 








— T — 






1 1 






3 




L 


— 


L 1 J 


J 




iit 








4. 








-- i-t- 












1 1 


5 


















1 j 


6 






' 1 1 










._ 


1 j 



Label 



S C I S OK 



RAM 
b3 bO 



Fig. 11.8. RAM Allocation 

Description 



MD ( $ 3 ) 
b3 bO 



S C I MOK 



Flag indicating if sending data 



Flag indicating if receiving data 



MD ( $ 3 1 ) 



SCISRU: SCISRL 



SC IMEF 



b7 bO 

Stores data sent from slave system 



Flag indicating existence of receives 
data 




MD ( $ 3 5 ) 
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Program Module Name: sci MASTER 




MCU; HMCS402C/ 




Label: SCMTRD 


RECEIVE 




HMCS404C/HMQS408C 













Description: 
4. Sample Application 



LOOP 1 



LOOP 2 



S E DD 


$ ] 


S EDD 


$1 J 


LMI D 


$ 8, PMR 


LMI D 


$D, SMR 


REMD 


I F S 


REMD 


IMS 


S EMD 


I E 


TMD 


$0, SCIMEF 


BR 


LOOP 2 


BR 


LOOP 1 


LAMD 


8 RU 


LMAD 


SC I SRU 


LAMD 


S RL 


LMAD 


S C I S R L 



• Set port Dq and port Di high 

• Select transfer/receive mode 

• Select transfer clock Ratio 

• Clear SCI interrupt request flag 

• Clear SCI interrupt mask 

• Enable interrupt 

•Test if receiving flag 



^ Load receives data into accumulator 
A and B register 



5. Basic Operation 

(1) Checks slave receives request signal to test if data is received after 
outputting the signal . 

(2) Tests if master receives request signal has been output from slave 
system. 

(3) If output, sets SCI interrupt request flag, and stores serial data in 
return argument after checking that serial data is received. 
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Program Module Name; sci MASTER 
RECEIVE 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; SCMTRD 



Flowchart; 



^SCMTRD^ 
SCMTRD I 



SCMTRl 




^ R T N 



-{ 



- Clear SCI interrupt request flag 

Save register 
~| Test if sending data 



Clear flag indicating sending data 
Set slave receive request high 
Clear flag indicating receiving data 



Read receives data and store it in 
SCISRU and SCISRL(RAM) 



Set flag indicating receives completion 



--[ 



Restore register 
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11.4 SUBROUTINES 



This application example calls no subroutines. 
11.5 PROGRAM LISTING 



ST~NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


37E 




0000 




LLEIM 


132 




00002 










TITLE 


CLOCKED SYNCHRONOUS SCI (INTERNAL CLOCK) 


00003 








* 








00004 










RAM ALLOCATION ****** >k >tot«)K)»«>»oK>x ****** 


00005 
















00006 








SCISQK 


EQU 


$030 


FLAG FOR SENDING DATA 


00007 








SCIMOK 


EQU 


$031 


FLAG FDR RECEIVING DATA 


00008 








SCISRU 


EQU 


$032 


UPPER RECEIVER DATA 


00009 








SCISRL 


EOU 


$033 


LOWER RECEIVED DATA 


00010 








SCIMTD 


EQU 


$034 


SENDING DATA FLAG 


00011 








SCIMEF 


EQU 


$035 


RECEIVING DATA COMPLETE FLAG 


00012 








* 








00013 








**** 


SYMBOL 


DEFINITIONS *************************** 


00014 
















00015 








PMR 


EOU 


$004 


PORT MODE REG. 


00016 








SMR 


EOU 


$005 


SERIAL MODE REG. 


00017 








SRL 


EQU 


$006 


LOWER SERIAL DATA REG. 


00018 








SRU 


EQU 


$007 


UPPER SERIAL DATA REG. 


00019 








IMS 


EOU 


$1,$003 


INTERRUPT MASK OF SERIAL 


00020 








IFS 


EQU 


$0,$003 


INTERRUPT REQUEST FLAG OF SERIAL 


00021 








IE 


EQU 


$0,$000 


INTERRUPT ENABLE FLAG 


00022 








)(( >K >k >t( >K )k >K >K >K >K )K >K >K >K >K >K )k >K )t( )K )K >K )K )K >k >K )t( >K >K >K >K >K >K )K >K )K >K >K )K >K )K >K >K >K ^ 


00023 
















00024 












VECTOR ADDRESSES 


* 


00025 








* 








00026 










00027 








* 








00028 










ORG 


$0000 




00029 








* 








00030 


150 


010 


0000 




JMPL 


SCIMMN 


RESET 


00031 


150 


010 


0002 




JMPL 


SCIMMN 


INTO 


00032 


150 


010 


0004 




JMPL 


SCIMMN 


INTl 


00033 


150 


010 


0006 




JMPL 


SCIMMN 


TIMER-A 


00034 


150 


010 


0008 




JMPL 


SCIMMN 


TIMER-B 


00035 


000 




OOOA 




NOP 






00036 


000 




OOOB 




NOP 






00037 


150 


068 


OOOC 




JMPL 


SCMTRD 


SERIAL 


00038 










00039 














* 


00040 












MAIN PROGURAM : 


SCIMMN * 


00041 














* 


00042 










00043 








* 








00044 










ORG 


$0010 




00045 








* 








00046 


UrO 




0010 


SCIMMN 


LWI 


$0 


INITIALIZE W REGISTER 


00047 


1 AO 


UiU 


0011 




LMID 


$0.SCISOK 


INITIALIZE RAM 


00048 


lAO 


031 


0013 




LMID 


$0, SCIMOK 




00049 


lAO 


032 


0015 




LMID 


$0, SCISRU 




00050 


lAO 


033 


0017 




LMID 


$0, SCISRL 




00051 


1 AO 


034 


0019 




LMID 


$0, SCIMTD 




00052 


lAO 


035 


OOIB 




LMID 


$0, SCIMEF 




00053 


2E0 




OOID 




SEDO 


$0 


INITIALIZE DO PORT 


00054 


2E1 




OOIE 




SEDD 


$1 




00055 


1 RCi 
I 03 




OOIF 




SEMD 


IMS 


INITIALIZE IMS 


00056 


1A3 


004 


0021 




LMID 


$3. PMR 


INITIALIZE PMR 


00057 


IAD 


005 


0023 




LMID 


$D. SMR 


SELECT PRESCALER AS 1/2. SYSTEM CLOCK 


00058 


188 


003 


0025 




REMD 


IFS 


CLEAR SERIAL INTERRUPT REQUEST FLAG 


00059 


189 


003 


0027 




REMD 


IMS 


CLEAR SERIAL INTERRUPT MASK 


00060 


184 


000 


0029 




SEMD 


IE 


ENABLE INTERRUPT 


00061 


206 




0028 




LBI 


$6 


STORE OUTPUT DATA 


00062 


211 




002C 




LYI 


$ 1 




00063 


lAl 


034 


002D 




LMID 


$1. SCIMTD 


SET SENDING DATA FLAG 


00064 


160 


03E 


002F 


SCIMNl 


CALL 


SCIMTR 


OUTPUT SCI DATA 


00065 


18C 


035 


0031 




TMD 


$0. SCIMEF 


TEST RECEIVING COMPLETE FLAG 


00066 


335 




0033 




BR 


SCIMN2 




00067 


32F 




0034 




BR 


SCIMNl 




00068 


190 


007 


0035 


SCIMN2 


LAMD 


SRU 


STORE RECEIVE DATA IN RAM 


00069 


194 


032 


0037 




LMAD 


SCISRU 




00070 


190 


006 


0039 




LAMD 


SRL 




00071 


194 


033 


0038 




LMAD 


SCISRL 




00072 


330 




0030 


PEND 


BR 


PEND 


END OF PROGRAM 


00073 








)K >K « « « >K )K >K >K >K >K )K )K >K >k >K >K >K >K » )k )K « )K )K « >K )K )K « « >K » )K )K >K )k )K )K )K « )K >K >K )K )^ 


00074 














* 
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00075 








* 


NAME : 


SCIMTR (SCI MASTER TRANSFER) * 




00076 


















00077 














00078 














* 




00079 








* 


ENTRY : 


B REGISTER. Y REGISTER (TRANSFER DATA) * 




00080 










RETURNS : 


NOTHING 


* 




00081 








* 










00082 














00083 


18C 


030 


003E 


SCIMTR 


TMD 


SO.SCISDK 


TEST IF SENDING DATA 




00084 


35E 




0040 




BR 


SCIM7 






00085 


18C 


031 


0041 




TMD 


SO.SCIMGK 


TEST IF RECEIVING DATA 




00086 


35E 




0043 




BR 


SCIM7 






00087 


2A1 




0044 




TDD 


$1 


TEST MASTER RECEIVING REQUEST 




00088 


347 




0045 




BR 


SCIMl 






00089 


360 




0046 




BR 


SCIM9 






00090 


18C 


034 


0047 


SCIMl 


TMD 


$0. SCIMTD 


TEST IF SENDING DATA 




00091 


348 




0049 




BR 


SCIM2 






00092 


35E 




004A 




BR 


SCIM7 






00093 


260 




0048 


SCIM2 


REDD 


$0 


CLEAR SLAVE RECEIVE REQUEST 




00094 


230 




004C 




LAI 


$0 


EXECUTE lOMS SOFTWARE TIMER 




00095 


284 




004D 


SCIM3 


AI 


$4 






00096 


350 




004E 




BR 


SCIM4 






00097 


34D 




004F 




BR 


SCIM3 






00098 


2A1 




0050 


SCIM4 


TDD 


$1 


TEST MASTER RECEIVE REQUEST 




00099 


353 




0051 




BR 


SCIM5 






00100 


35F 




0052 




BR 


SCIM8 






00101 


lAl 


030 


0053 


SCIM5 


LMID 


$1,SCIS0K 


SET SENDING DATA FLAG 




00102 


lAO 


034 


0055 




LMID 


$0. SCIMTD 


CLEAR RECEIVING DATA FLAG 




00103 


048 




0057 




LAB 




STORE SENDING DATA IN RAM 




00104 


.194 


007 


0058 




LMAO 


SRU 






00105 


OAF 




005A 




LAY 








00106 


194 


006 


0058 




LMAD 


SRL 






00107 


148 




005D 


SCIM6 


STS 




SCI START 




00108 


010 




005E 


SCIM7 


RTN 








00109 


2E0 




005F 


SCIM8 


SEDD 


$0 


SET SLAVE RECEIVE REQUEST 




00110 


230 




0060 


SCIM9 


LAI 


$0 


EXECUTE lOMS SOFTWARE TIMER 




00111 


284 




0061 


SCIMIO 


AI 


$4 






00112 


364 




0062 




BR 


SCIMll 






00113 


361 




0063 




BR 


SCIMIO 






00114 


lAl 


031 


0064 


SCIMll 


LMID 


Sl.SCIMGK 


SET RECEIVING DATA FLAG 




00115 


150 


05D 


0066 




JMPL 


SCIM6 






00116 










<*>♦( 


00117 
















* 


00118 










NAME : 


SCMTRD (SCI MASTER RECEIVE) 




00119 








* 










00120 










00121 


















00122 










ENTRY : 


NOTHING 






00123 










RETURNS : 


SCISRU (UPPER 


RECEIVED DATA) 


* 


00124 












SCISRL (LOWER 


RECEIVED DATA) 


* 


00125 












SCIMEF (SCIMEF 


■=0;TRUE,SCIMEF=1 ; FALSE) 


* 


00126 


















00127 


















00128 


188 


003 


0068 


SCMTRD 


REMD 


IFS 


CLEAR SERIAL INTRRUPT REQUEST 


FLAG 


00129 


2FF 




006A 




XMRA 


$F 


SAVE A 




00130 


18C 


030 


0066 




TMD 


$0,SCISDK 


TEST IF SENDING DATA 




00131 


36F 




006D 




BR 


SCMTRl 






00132 


374 




006E 




BR 


SCMTR2 






00133 


lAO 


030 


006F 


SCMTRl 


LMID 


SO.SCISDK 


CLEAR SENDING DATA FLAG 




00134 


2E0 




0071 




SEDD 


$0 


SET SLAVE RECEIVING REQUEST FLAG 


00135 


150 


080 


0072 




JMPL 


SCMTR3 






00136 


lAO 


031 


0074 


SCMTR2 


LMID 


SO.SCIMGK 


RECEIVING DATA FLAG 




00137 


190 


007 


0076 




LAMD 


SRU 


STORE RECEIVE DATA IN RAM 




00138 


194 


032 


0078 




LMAD 


SCISRU 






00139 


190 


006 


007A 




LAMD 


SRL 






00140 


194 


033 


007C 




LMAD 


SCISRL 






00141 


lAl 


035 


007E 




LMID 


SI, SCIMEF 


SET RECEIVING COMPLETE FLAG 




00142 


2FF 




0080 


SCMTR3 


XMRA 


SF 


RESTORE A 




00143 


Oil 




0081 




RTNI 








00144 


















00145 










END 
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SECTION 12. LIQUID CRYSTAL DRIVER (HD611Q0A) CONTROL 



12.1 HARDWARE DESCRIPTION 



12.1.1 Function 

Controls the HD61100A liquid crystal driver and displays "9876543210" 
on an LCD display. 

12.1.2 Microcomputer Operation 

The HMCS404C sends display data and control signals from to the 
HD61100A to display graphics on the LCD. Signals M and CLl of the 
HD61100A and signal COMMON of the liquid crystal are controlled through 
port R7. In addition, the HD61100A control signals (signals CL2/ DL) 
are controlled using the clock synchronous SCI (serial communication 
interface) of port R7 to enable sending of display data to the 
HD61100A. 



12.1.3 Peripheral Devices 

HD61100A LCD Driver: Performs static drive on an 8~segment x 
10-digit LCD. 
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12.1.4 Circuit Diagram 

LCD driver (HD61100A) control circuit is shown in Fig. 12,1. 



MCU 

HMC S 404 C 
/'HMCS4 2a 
\tfl4CS4 8d 




82| 5o[8&[47] 88|49|84| 48] 



Vee \fcc 
GND 

SHL ^* 

HD61100A I 

§§|fCS Yso 
M CLi CLi DL 



A 
V 



Liquid 
COMMON crystal 



n n n o o Q Q 
OUUijijijijiJiJiJ 



(8-segment x 10-digit) 



HD7 
HCO- 



Fig. 12.1. LCD Driver (HD61100A) Control Circuit 



HITACHI 235 



12.1.5 Pin Functions 



Pin functions at the interface between the HMCS404C and the 
HD61100A are shown in Table 12.1. 

Table 12.1. Pin Functions 

Pin Name 



Pin Name 
(HMCS404C) 


Input/ 
Output 


Active Level 
(High or Low) 


Function 


(HDdIIUUA 
LCD) 


R7I 


Output 




Outputs alternate signal 
for LCD driving output 


M 


R72 


Output 




Resets counter, outputs 
synchronous signal of 
latch clock for display 
data 


CLl 


SCK 


Output 




Outputs shift clock 
for display data 


CL2 


SO 


Output 




Inputs display data 


DL 



12.1.6 Hardwa re Operation 

Timing chart of the HMCS404C, LCD, and the HD61100A is shown in Fig. 
12.2. 



LCD and HD61100A 
pin names 



Controlled 
by I/O ports 



Controlled by 
clock 

Synchronous 
SCI 



COMMON 



r 



., Ji n_ 

- JUmMMRJiiUmJlRflM__ JWRJIF 



Output 80 bits (10 digits) 



Fig. 12.2. Timing Chart of HMCS404C, LCD, and HD61100A 
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12.2 SOFTWARE DESCRIPTION 



12 . 2,1 Program Module Configuration 

The program module configuration for character display on LCD is 
shown in Fig. 12.3. 



H61MN 



Main 


[1 


program 




H61DSP 








1 


Display 




Character 





Fig. 12.3. Program Module Configuration 



12.2.2 Program Module Functions 

Program module functions are summarized in Table 12.2. 

Table 12.2. Program Module Functions 

No. Program Module Name Label Function 



Main Program H61MN Performs static drive on an 

8-segment x 10-digit LCD. 
Initializes control registers and 
data addresses used for the 
interface between the HMCS404C 
and the HD61100A 



1 Display Character H61DSP Performs static drive of LCD 

using the HD61100A and displays 
numerals 
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12.2.3 Program Module Pr ocess Flow (Main Program) 

The flowchart in Fig. 12.4. shows the procedure for displaying 
numerals on or LCD as performed by the program module in Fig. 12,3. 



^ H 6 1 MN ^ 



H 61MN 



$ B — SMR 



H 6 1 1 N T 



1 — I E 



$ 9-*Y 



— B 



Pat tern $ 1 



Y^$F 




Main program. 

Initialize W register 
Store to SO output pin 

Store to SCK output pin 
Clear Serial interrupt mask 
Call H61INT 
Enable interrupts 

Load starting address of display RAM 



Executes pattern command for 
storing display data in RAM 



Y=$F 



Test if all display data is stored 



^ END ^ 



6 1 D SP^ 



H61DSP 



Display 
Character 



SCI Interrupt Routine 



Execute H61DSP to display numerals on LCD 



Fig. 12.4. Program Module Flowchart 
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lE'BHSGTBg 



Fig. 12.5. Example of H61MN Execution 
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12.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: Display 

Character 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: H61DSP 



Function: 

Sends display data to the HD61100A and displays characters on the LCD. 



Arguments : 
Contents 



1 digit = 4 bits 
Storage No. of 
Location Digits 



Entry 



Dispaly DDATA 10 
data (RAM) 



Re- 
turns 



Changes in CPU 
Registers and Flags; 



A 


B 


• 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


• 



• : Not Affected 
X : Undefined 
I : Result 



Specifications : 

1 word = 10 bits 
ROM (Words) : 57 
RAM (Digits) : 2 
Stack (Digits) : 
No. of cycles: 435 
Reentrant: No 
Relocatable: No 
Interrupt OK?: No 



Description: 

1. Function Details 

(1) Argument details 

DDATA (RAM) : Holds 10 digits of 
display data. 

(2) Example of H61DSP execution is 
shown in Fig. 12,6. If entry 
argument is as shown in part (T) 
of Fig. 12.6. characters are 
displayed as shown in part (2) 
of Fig. 12.6. 



@ Entry 

argument 
Display data 
DDATA MD ( $ 4 9~$ 4 ) 
( HAM) 



9 


8 


7 


6 


5 1 4 j ( 




1 






(2) Result 



Liquid crystal 



I I I J -ILIL L IL'U 
U II I IJIJ lUJ 



Fig. 12.6. Example of H61DSP Execution 



Specifications Notes: 
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Program Module Name: Display 

Character 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: H61DSP 









Description: 

(3) H61DSP calls neither the program modules nor subroutines. 



2. User Notes 

The following procedure must be performed before H61DSP execution. 

(1) Initializes clock synchronous SCI to send display data. 

(2) Sets bit IE to enable SCI interrupts. 

(3) Clears IMS. 

(4) Executes STS command to generate SCI interrupts. 

3. RAM Allocation 





F ] E 1 D 1 C 1 




■' I ' " r- r T nr" ' r-- i i — 

9i8l7]6l5i4|3i2jl[0 


2 


1 1 1 1 
J- i. i 1 




r !' { T I 1 1 1 1 I 
1 1 1 1 1 1 i 1 1 


3 


1 1 1 I 


1 

- -J -1 


' 1 ' I ' ' 1 ' ! 


4. 


— ^--rt'T 


1 

X 




5 




1 


I'll ' wA \ 1 

J 1. 1 ... .1... 1 .. u/fA 1. .. . 1 


6 


1 i 1 1 




' 1 ' ' 1 1 ' I I 
I 1 1 1 ' 1 1 1 



Fig. 12.7. RAM Allocation 



RAM Description 



Stores display data 
MD ( $ 4 9 ) MD ( $ 4 ) 

b3 bO. 

Used as Y register pointer to display 
data and as a counter indicating number 
MD($0 5E) of interrupts 

b3 bO 

Used as a test flag indicating 
whether M signal will be high or low 
MD ( , $ 5 3 ) 

Flag Function is shown in Table 12.3. 



DD AT A 



CNTR 



MFLG 
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Program Module Name: Display 




MCU: HMCS402C/ 




Label: H61DSP 


Character 




HMCS404C/HMCS408C 













Description: 

Table 12.3. Flag Functions 



Bit/Label 

Function 

Bit 



M F L G Indicates M signal is low 



1 Indicates M signal is high 



4. Sample Application 



LMI D $ 1, PMR 

LMID $B, SMR Initialize SCI 

REMD IMS 

LMID $ 9, CNTR 

LA I $ 5 

LRA $ 7 Control M signal, CLI signal, common 

LAI $ 2 signal 

LRA $ 7 

SEMD MFLG 

L AMD $ 4 9 

L B I $ 

P $ 2 

Store segment data in SRL, SRV 

LMAD SRL 
LAB 

LMAD SRU 

S T S •••• Start SCI 

SEMD IE ••• •••• Enable interrupts 



Store display data 
in display RAM 



ORG $200 

DC $17 7, $141, $1B3, $1E3, $1C5, 

Segment data 

$1E6, $1F6, $143, $1F7, $1E7 
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Program Module Name: Display 




MCU; HMCS402C/ 




Label: H61DSP 


Character 




HMCS404C/HMCS408C 













Description: 



5. Basic Operation 

(1) 10 digits of display data are sent to the HD61100A to display numerals on 
an 8 segments x lo digits LCD. Shift clock and data signal are controlled 
by the block synchronous SCI of the HMCS404C. 

(2) Display data is stored in display of RAM before execution. Each SCI 
interrupt executes display of 1 byte of data. 

(3) Pointer to display RAM and counter for number of interrupts are 
decremented every interrupt. CNTR(RAM) is reinitialized each time 10 
interrupts are executed. 

(4) The first enabling interrupts are performed by the main program. 
From then on, after execute SCI command SCI interrupts are generated 
automatically each time segment data are outputted. 

(5) Indicates MFLG is status of M signal of HD61100A. 

(6) Data stored at the address indicated by Accumulator and B register is 
transferred to Accumulator and B register, using the table look-up 
function of the pattern generation instruction (P) . 

(7) Lower 8 bits of word stores segment data. 



Program Content of register Content of ROM 




After executing a P instruction in the above program sequence, 

$41 is contained in B register and Accumulator. 

($41 is stored in lower 8 bits of word located at $0201) . 



(Note) If dotted area (bit 8) is $1 as 
shown above, ROM data is 
transferred to Accumulator 
and B register after executing 
the P instruction. 
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Program Module Name: Display 

Character 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; H61DSP 



Flowchart: 



^H6 1 DSP^ 



H6 1DSP 



-+ 


I F S 






A<-*M R ( $ F ) 






SPX -> A 






A*->MR C $ E ) 






X 


SPX 






SPX 


-> A 






A<->MR ( $ D ) 






Y -> A 






A^MR ( $ C ) 



Set SCI interrupt request flag 




Save registers 



— ^ 



Save register 



— Decrement pointer to display RAM 



Test if interrupt has been executed 
10 times 

Reinitialize Y register pointer to display 
data and counter for number of 
interrupts 
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Program Module Name: Display 

Character 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; H61DSP 



Flowchart: 




Test whether M signal will be high or 
low 



CLl signal = High. M signal = Low. 
COMMON signal = High 

CLl signal = Low. M signal = High. 
COMMON signal = Low 



Set MFLG 



CLl signal = High. M signal = High. 
COMMON signal = Low 

CLl signal = Low. M signal = Low. 
COMMON signal = High 



Clear MFLG 



Reinitialize X register pointer 



Load display RAM pointer into Y register 



Read segment Data 



HITACHI 245 



Program Module Name: Display 

Character 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; H61DSP 



Flowchart: 



A 


SRL 






B 


SRU 






S T S 



MR($B) ->■ B 
I 



MR ( $ C )**A 






A Y 






M R ( $ E ) <^A 






A X 






X *^ 


S PX 






MR ( $ D )<^A 






A -* X 






MR ( $ F )-^A 



^ RTN 



Store segment data in SRL, SRV(RAM) 



Start SCI 



— [. 



Restore register 



Restore registers 



246 HITACHI 



12.4 SUBROUTINE DESCRIPTION 



Subroutine Name: Initialize 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: H61INT 



Function : Stores display data 



Basic Operation : 

(1) Initializes counter, CLl, M, COMMON signal, MFLG and others. 

(2) Executes only once is this routine. 



Program Module Using This Subroutine: 



6 1 


I NT^ 


lINT 




$ 9-»>CNTR 






$ 5 R 7 






$ 2 R 7 






1 MF LG 






MD($0 49 )-*A 






$ 


-> B 






Pattern $ 2 






A 


SRL 






B 


SRU 






S 1 


r s 



^ R T 



Initialize counter 

CLl signal = High. M signal = Low. 
COMMON signal = High 

CLl signal = Low. M signal = High. 
COMMON signal = Low 

Set MFLG 



Load segment data into SRL, SRV(RAM) 



Start SCI 
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12.5 PROGRAM LISTING 



ST-NO 


OBJECT 


AORS 


SOURCE 


STATEMENTS 




00001 


Oil 




0000 




LLEN 


132 




00002 










TITLE 


LIQUID CRYSTAL 


DRIVER <HD61100) CONTROL 


00003 








)|c 








00004 










RAM ALLOCATION ******************************** 


00005 








i4( 








00006 








CNTR 


EQU 


$05E 


COUNTER FOR DISPLAY 


00007 








MFLG 


EQU 


0,$053 


M SIGNAL JUDGMENT FLAG 


00008 








>k 








00009 










SYMBOL DEFINITIONS **************************** 


00010 








* 








00011 








PMR 


EQU 


$004 


PORT MODE REGISTER 


00012 








SMR 


EQU 


$005 


SERIAL MODE REGISTER 


00013 








SRL 


EQU 


$006 


LOWER SERIAL DATA REGISTER 


00014 








SRU 


EQU 


$007 


UPPER SERIAL DATA REGISTER 


00015 








IMS 


EQU 


1 . $003 


IM OF SERIAL 


00016 








IFS 


EQU 


0.$003 


IF OF SERIAL 


00017 








IE 


EQU 


o.$ooo 


ENABLE INTERRUPT 


00018 










00019 








* 






* 


00020 












VECTOR ADDRESSES 


* 


00021 














* 


00022 










00023 
















00024 










ORG 


$0000 




00025 








* 








00026 


150 


010 


0000 




JMPL 


H61MN 


RESET 


00027 


150 


010 


0002 




JMPL 


H61MN 


INTO 


00028 


150 


010 


0004 




JMPL 


H61MN 


INTl 


00029 


150 


010 


0006 




JMPL 


H61MN 


TIMER-A 


00030 


150 


010 


0008 




JMPL 


H61MN 


TIMER-B 


00031 


000 




OOOA 




NOP 






00032 


000 




0008 




NOP 






00033 


150 


023 


OOOC 




JMPL 


H61DSP 


SERIAL 


00034 










00035 














* 


00036 








* 




MAIN PROGRAM : H61MN * 


00037 














* 


00038 










00039 
















00040 










ORG 


$0010 




00041 
















00042 


OFO 




0010 


H61MN 


LWI 


$0 


INITIALIZE W REGISTER 


00043 


lAl 


004 


0011 




LMID 


l.PMR 


SELECT SO 


00044 


lAB 


005 


0013 




LMID 


$8. SMR 


SELECT SCK 


00045 


189 


003 


0015 




REMD 


IMS 


CLEAR SERIAL INTERRUPT MASK 


00046 


160 


05F 


0017 




CALL 


H61INT 




00047 


184 


000 


0019 




SEMO 


IE 


ENABLE INTERRUPTS 


00048 


219 




0018 




LYI 


$9 


STORE DESTINATION 


00049 


224 




00 IC 


H61MN1 


LXI 


$4 




00050 


OAF 




OOID 




LAY 






00051 


200 




OOIE 




LBI 


$0 




00052 


181 




00 IF 




P 


$1 


STORE DISPLAY DATA IN RAM 


00053 


ODO 




0020 




LMADY 




TEST IF ALL DISPLAY DATA IS STORED 


00054 


31C 




0021 




BR 


H61MN1 




00055 


322 




0022 


PEND 


BR 


PEND 


END OF PROGRAM 


00056 








>K )K )K >K )k )K )K )t( >k >k >k )t( >K )K )tc >k >4( )k >|( >k )K >K >K >K >K )K >K >•( )K )K )K }k >K )k )k >K )k )k >k >K )k )K >K « 


00057 














* 


00058 










NAME 


: H61DSP CDISPLAY CHARACTER) * 


00059 








* 






* 


00060 








********************************************** 


00061 








* 






* 


00062 








* 


ENTRY 


: DDATA CDISPLAY 


DATA) * 


00063 








* 


RETURNS 


: NOTHING 


* 


00064 








* 






* 


00065 








******************************************************** 


00066 


188 


003 


0023 


H61DSP 


REMD 


IFS 


SET SCI INTERRUPT REQUEST FLAG 


00067 


2FF 




0025 




XMRA 


$F 


SAVE REGISTERS 


00068 


068 




0026 




LASPX 






00069 


2FE 




0027 




XMRA 


$E 




00070 


001 




0028 




XSPX 






00071 


068 




0029 




LASPX 






00072 


2FD 




002A 




XMRA 


$D 




00073 


OAF 




002B 




LAY 






00074 


2FC 




002C 




XMRA 


$C 
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00075 


048 




0020 




LAB 






00076 


2FB 




002E 




XMRA 


$8 




00077 


190 


05E 


002F 




LAMD 


CNTR 


DECREMENT DISPLAY RAM POINTER 


00078 


28F 




0031 




AI 


$F 




00079 


194 


05E 


0032 




LMAD 


CNTR 


TEST IF 10 TIMERS SCI INTERRUPT 


00080 


347 




0034 




BR 


H61DP2 




00081 


239 




0035 




LAI 


$9 


REINITIALIZE POINTER 


00082 


194 


05E 


0036 




LMAD 


CNTR 




00083 


18C 


053 


0038 




TMD 


MFLG 


TEST MSIGNAL IS HIGH OR LOW 


00084 


341 




003A 




BR 


H61DP1 




00085 


235 




0038 




LAI 


$5 




00086 


2D7 




003C 




LRA 


$7 


CL1=1.M=O.CGMMON=1 


00087 


232 




0030 




LAI 


$2 


CL1=0,M=1.CGMMON=0 


00088 


2D7 




003E 




LRA 


$7 




00089 


184 


053 


003F 




SEMD 


MFLG 


SET MFLAG 


00090 


236 




0041 


H61DP1 


LAI 


$6 


CL2=1.M=1,COMMON=0 


00091 


207 




0042 




LRA 


$7 


CL2=0 . M=0 . CGMM0N= 1 


00092 


231 




0043 




LAI 


$1 




00093 


2D7 




0044 




LRA 


$7 




00094 


188 


053 


0045 




REMD 


MFLG 


CLEAR MFLAG 


00095 


224 




0047 


H61DP2 


LXI 


$4 


REINITIALIZE X REG POINTER 


00096 


190 


05E 


0048 




LAMD 


CNTR 


LOAD DISPLAY RAM POINTER INTO Y 


00097 


0D8 




004A 




LYA 






00098 


■ 090 




0048 




LAM 




READ SEGMENT DATA 


00099 


200 




004C 




LB I 


$0 




00100 


182 




004D 




p 


$2 




00101 


194 


006 


004E 




LMAD 


SRL 


STORE SEGMENT DATA IN RAM 


00102 


048 




0050 




LAB 






00103 


194 


007 


0051 




LMAD 


SRU 




00104 


148 




0053 




STS 




SCI START 


00105 


2FB 




0054 




XMRA 


$8 


RESTORE REGISTERS 


00106 


0C8 




0055 




LBA 






00107 


2FC 




0056 




XMRA 


$C 




00108 


0D8 




0057 




LYA 






00109 


2FE 




0058 




XMRA 


$E 




00110 


0E8 




0059 




LXA 






00111 


001 




005A 




XSPX 






00112 


2FD 




0058 




XMRA 


$D 




00113 


0E8 




005C 




LXA 






00114 


2FF 




005D 




XMRA 


$F 




00115 


Oil 




005E 




RTNI 






00116 










00117 














* 


00118 








* 


NAME : 


H61INT (START 


SCI) * 


00119 














* 


00120 










00121 


1A9 


05E 


005F 


H61INT 


LMID 


$9, CNTR 


INITIALIZE COUNTER 


00122 


235 




0061 




LAI 


$5 


CL1=1.M=O.COMMON=1 


00123 


207 




0062 




LRA 


$7 




00124 


232 




0063 




LAI 


$2 


CL1=0,M=1.COMMON=0 


00125 


207 




0064 




LRA 


$7 




00126 


184 


053 


0065 




SEMD 


MFLG 


SET MFLAG 


00127 


190 


049 


0067 




LAMD 


$049 


LOAD SEGMENT DATA 


00128 


200 




0069 




LBI 


$0 




00129 


182 




006A 




P 


$2 




00130 


194 


006 


0068 




LMAD 


SRL 


STORE SEGMENT DATA IN RAM 


00131 


048 




006D 




LAB 






00132 


194 


007 


006E 




LMAD 


SRU 




00133 


148 




0070 




STS 




SCI START 


00134 


010 




0071 




RTN 






00135 










00136 








* 






* 


00137 












DATA TABLE 


* 


00138 














* 


00139 










00140 
















00141 










ORG 


$100 




00142 








* 




RAM 


DATA 


00143 


100 




0100 




DC 


$100 




00144 


101 




0101 




DC 


$101 




00145 


102 




0102 




DC 


$102 




00146 


103 




0103 




DC 


$103 




00147 


104 




0104 




DC 


$104 




00148 


105 




0105 




DC 


$105 




00149 


106 




0106 




DC 


$106 




00150 


107 




0107 




DC 


$107 




00151 


108 




0108 




DC 


$108 




00152 


109 




0109 




DC 


$109 




00153 
















00154 










ORG 


$200 




00155 








* 




SEGMENT DATA 


00156 


177 




0200 




DC 


$177 





00157 


141 




0201 




DC 


$141 


1 


00158 


183 




0202 




DC 


$183 


2 


00159 


1E3 




0203 




DC 


$1E3 


3 


00160 


1C5 




0204 




DC 


$1C5 


4 


00161 


1E6 




0205 




DC 


$1E6 


5 
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00162 1F6 

00163 143 

00164 1F7 

00165 1E7 
00166 
00167 



0206 DC 

0207 DC 

0208 DC 

0209 DC 

END 



$1F6 6 

$143 7 

$1F7 8 

$1E7 9 
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SECTION 13. HD61830 (LM2Q0) GRAPHIC MODE 



13.1 HARDWARE DESCRIPTION 



13.1.1 Function 

Initializes graphic mode and displays dot graphics on the LM200 
liquid crystal module. 



13.1.2 Microcomputer Operation 

The HMCS404C transfers display data to the dot matrix liquid crystal 
graphic display controller LSI HD61830 (LCTC) from port R onto the 
LCTC data bus (DBq - DB7) , and transmits control signals E, R/W, and 
RS through port D. Port D and port R are controlled by software. 

13.1.3 Peripheral Devices 

HD61830 LCTC: Receives control signals and display data from the 
HMCS404C and in turn controls the HM6116 Display RAM and LM200. 

LM200 Liquid Crystal Module: Receives graphic display data and 
control signals from the HD61830 LCTC. A resolution of 64 x 240 
pixels is provided in LM200 graphic mode. In this application, the 
graphic figure shown in Fig. 13.5 is displayed. 
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13.1.4 Circuit Diagram 

LCTC control circuit is shown in Fig. 13.1. 



MCU 
HMCS40 4C 



1 



C-1S2076 

HD74HC14 
-^X" 6>o ^>o- 



4MHz C3 IMJ^S 



JT' 



Rzi 

R22- 



LCTC 
HD6 1 8 3 



56 



Da 
Do 

R,j- 



10 



12 



13 



15 



Vcc 


D, 
Dj. 
CLz 


GND 


CL, 


CS 


MB 


E 




R/W 


FLM 


RS 




DBo 




DB, 


MAo 


DBz 


MA, 


DBj 


UAz 


DB* 


MA3 


DB, 


MA* 


DBe 


MA5 


DBt 


MA« 






MAt 


R 


MA 8 




C 


MA9 


CR 


MA,o 
MDo 


WE 


MD, 
UT>z 
MD3 
MD* 
MD5 
MDb 
MD7 



Liquid crystal module 
LM2 



D 

D, 

-^CL, 
'-M 



Vdd — — »- 

V,,R *- 

8 

n 



Display RAM 
hM6 1 16 



-1 +5V 

.mJ 



5 000 0000 |W ^ND - 



Fig. 13.1. LCTC Control Circuit 
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13.1.5 Pin Functions 



Pin functions at the interface between the HMCS404C and LCTC are 
shown in Table 13.1. 

Table 13.1. Pin Functions 



Pin Name 
(HMCS404C) 


Input/Output 


Active Level 
(High or Low) 


Function 


Pin Name 
(LCTC) 


D2 


Output 


High 


Enables signal 


E 


Dl 


Output 


High 


Reads data 


R/W 






Low 


Writes data 




Do 


Output 


High 


Selects instruction 
register 


RS 






Low 


Selects data register 




^10 


Input/ Output 




Data lines 


DBq 


Rii 


Input/Output 






DBi 


Rl2 


Input/Output 






DB2 


Rl3 


Input/Output 






DB3 


R20 


Input/Output 






DB4 


R21 


Input/Output 






DB5 


R22 


Input/Output 






DB6 


R23 


Input/Output 






DB7 
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13.1.6 Hardware Operation 



The timing chart for interfacing between the HMCS404C and each signal 
is shown in Fig. 13.2. (T) and (5) in Fig. 13.2. show timing for read 
and write. 

@ Data from LCTC can be read during (l) period. 

(D Data can be written to LCTC at the falling edge of signal E. 



LCTC pin name 



RS, R/W 




E 



DBq - DB7 

(HMCS404C->LCTC) 



DBq - DB7 

(HMCS404C^LCTC) 



Fig. 13.2. HMCS404C LCTC Interface 



y — ^ 




A 










( 








(D 


> 


; X 
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13.2 SOFTWARE DESCRIPTION 



13.2.1 Program Module Configuration 

The program module configuration for graphic display on the liquid 
crystal module is shown in Fig. 13.3. 



L 2 HMN 





LiL 

Main 
Progra;[n 












2HINT 


L2HMVE 


L2HWT 


1 

Initialize 
LCTC 




2 

Move ' — 
Cursor 




[1. 

Write ' — 
Data 



Fig. 13.3. Program Module Configuration 

13.2.2 Program Module Functions 

Program module functions are summerized in Table 13.2. 



Table 13.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


L2HMN 


Demonstrates graphic display on LM200 


1 


Initialize LCTC 


L2HINT 


Initializes LCTC for graphic mode 


2 


Move Cursor 


L2HMVE 


Initializes LCTC cursor address 


3 


Write Data 


L2HWT 


Writes instructions and data to the LCTC 
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13.2.3 Program Module Process Flow (Main Program) 

The following flowchart (Fig. 13.4) demonstrates the process for 
displaying graphics on the LM200 liquid crystal display, using the 
modules described above. Fig. 13.5 shows this applications display. 



^ L 2 H M 



2HMN 




$ 0->W 






L 2 H I N T 






L 2 HC L R 






$ 0->Y 






$0-*DSPCTU 






$0— DSPCTL 






$0->COUNTU 






$0-<:OUNTL 






$0->DTADDR 






$0-*DTADDR+l 






$8-^DTADDR+2 






$4— DTADDR+3 






HMNl 


L 2 HMV E 






$C-^INSTRL 






$0->INSTRU 



Main program 

Initialize W register 

Execute L2HINT to initialize LCTC 
for graphic mode 

Execute L2HCLR to clear display RAM 

Clear Y register used to count the 
number of columns of display data 
. written to the LM200 



Clear pointer of display data 



Clear RAM counter used to indicate 
the number of rows of display data 
written to the LM200 



Store entry argument for L2HMVE 

to initialize LCTC cursor address to 

$0084 



Initialize LCTC cursor address 



Store instruction for display data 
write into entry argument of 
L2HWT 



Fig. 13.4. Program Module Sample Application 
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L2HMN2 






DSPCTU->B 



DSPCTL-*A 



Yf6 



Pattern $2 






A-i'DATARL 






B-^DATARU 






L 2 HWT 






-^C A 






$ 1-*A 






DSPCTL+A+CA 
-►DSPCTL 






$ 0-^A 






DSPCTU+A+CA 
-►DSPCTU 









Y^5 



Store display data in entry argument 
of L2HWT 



Write display data to the LCTC through 
the I/O port 



Increment pointer to display data 



Increment the counter indicating the 
number of columns of display data 
_ written 

Test if display data has been written 
for 5 consecutive rows 



Clear Y register 



Fig. 13.4. Program Module Sample Application (Cont. ) 
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0-^ 


CA 






$ E 


->A 






DTADDR+3+A+CA 
— DTADDR+3 






$ 1 


-♦•A 






nrADDR+24-A+CA 
-►DTADDR+2 






$ 


-♦A 






DTADDR+l+A+CA 
DTADDR+1 






$ 


-»-A 






DTADDR+A+CA 
-►DTADDR 






0-*C A 






$ 1-*A 






COUNTL+A+CA 
-> COUNTL 






$ 


-*A 






c(xjntu+a-k:a 

-*OOUNTU 



Add 30 to cursor address to move to 
next row 



Increment RAM counter indicating how 
many rows 6f display data written 



COUNTU 
4> ] ^ <:TDUNTU/$g: 



O 



COUNTU - 
COUNTL ^^-^"^-^^^ 

pendTcountl 



Test if 50 rows of display data have 
been written 



Q E N D ^ 



Fig. 13.4. Program Module Sample Application (Cont.) 
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Fig. 13.5. Result of Program Module Execution 
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13.3 PROGR?^ MODULE DESCRIPTION 



Program Module Name: Initialize LCTC 




MGU; HMCS402C/ 

HMCS4G4C/HMCS408C 




Label: L2HINT 



















Function: Initializes LCTC for graphic mode. 



Specifications: 

1 word = 10 bits 
ROM (Words) : 31 
RAM (Digits) : 2 
Stack (Digits) : 
No. of cycles: 1538 
Reentrant: No 
Relocatable: No 
Interrupt OK?: Yes 



Description: 
1. Function Details 

(1) Program module L2HINT has no arguments. 

(2) After execution of L2HINT, the LCTC enters graphic mode and the LM200 
display screen is cleared. 

(3) L2HINT uses the subroutines shown in Table 13.3. 

Table 13.3. Subroutines Used by L2HINT 
Subroutine Name Label Name Function 

Check Busy Flag L2HBSY Checks LCTC busy flag 

Specifications Notes: 

The niamber of cycles indicated is the minimum number of cycles required by 
subroutine L2HBSY. 



Arguments ; None 



Changes in CPU 


Registers and Flags: 


A 


B 




X 


X 




X 


Y 




• 


• 




SPX 


SPY 




• 


• 




W 






• 




CA 


ST 




X 


X 




• : Not Affected 
X : Undefined 
I : Result 
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Program Module Name: initialize LCTC 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: L2HINT 



Description; 

2. User Notes 

As this routine uses the P instruction (Pattern Generation Instruction) , 
pay close attention to the data reference addresses of the data table. 

3. RAM Allocation 



W,X\I 


FiEiDiCiBlAi9!8l7)6l5l4.;3 


1 2 1 1 [ 


2 




J J. JL . 


3 






4. 




1- 1 1 . 


5 


— i — ;---i---j--J--J--|--|--i---}---r--^-- 


.-1 1 L , 


06j 


1 1 i 1 , • 1 1 1 , 1 1 






Fig. 13.6. RAM Allocation 





Label 



I NT A 



I NTH 



RAM 
b3 bO 



MD($0 3A) 



b3 bO 



MD($03B) 



4. Sample Application 



Description 



Holds lower digit of source address 



Holds upper digit of source address 



CALL L2HINT 



Call L2HINT 
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Program Module Name: initialize LCTC 




MCU; HMCS402C/ 




Label: L2HINT 






HMCS404C/HMCS408C 













Description: 



5. Basic Operation 

(1) The instruction and data elements shown in Table 13.4 must be loaded into 
the instruction and data registers in corresponding pains to initialize 
LCTC. Program module L2HINT loads data shown in Table 13.4. 

(2) RS signal is used to switch between the two registers; 
High: Instruction register. Low: Data register 

Table 13.4. Data to be stored in LCTC 



Instruction 


Data 


Function 


$00 


$32 


Selects 


Display ON, Master mode and Graphic mode 


$01 


$07 


Selects 
display 


8 bits of horizontal dots per character in 


$02 


$1D 


Selects 
mode 


30 bytes of horizontal bytes in the graphic 


$03 


$1F 


Selects 


1/32 duty in multiplex display 


$08 


$00 


Selects 


display starting address to $0000 


$09 


$00 






$0A 


$00 


Selects 


cursor address to $0000 


$0B 


$00 







(3) RS, R/W, and E signals are controlled by port Dq^ port Di and port D2. 

(4) Initialization data shown in Table 13.4 is previously stored in the 
data table in ROM. 
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Program Module Name: Initialize LCTC 




MCU; HMCS402C/ 

HMCS404C/HMCS408C 




Label: L2HINT 









Flowchart: 



2 H I N T ^ 



L2HINT 



$ 0-+ 


I NT A 






$ 5 


I NT B 


HITl 




L 2 H 


B S Y 



Store address in RAM for the Pattern 
instruction 



Check LCTC busy flag 



I NT B-»>B 







I NT A-^A 






1 -> 


Do 






0-*Di 






1 -►Dz 






Pattern $1 








D2 






A + $ 


1 -►A 






-> 


Do 






1 


D2 






Pattern $1 



Load from RAM the data table address 
for instructions or data into 
Accumulator and B register 



Set RS signal high 
Set R/W signal low 
Set E signal high 



Output instruction through ports Rl 
and R2 by the Pattern instruction 



Set E signal low 
Increment data table pointer 
Set RS signal low 
Set E signal high 

Output data through ports Rl and R2 
by the pattern instruction 
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Program Module Name : Initialize LCTC 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; L2HINT 



Flowchart; 




OINTA=?t$F 



L2HIT2 



Q R T N ^ 



0-»-D2 




Set E signal low 








INTA+$1->INTA 




Increment data table point 



Test if initialization complete 
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Program Module Name; Move Cursor 



MCU ; HMCS402C/ 

HMCS404C/P1MCS408C 



Label: L2HMVE 



Function; 



Loads cursor address value stored in DTADDR(RAM) into LCTC cursor 
address counter. 



Arguments ; 



Contents 



1 digit = 4 bits 

Storage No. of 
Location Digits 



Entry Cursor DTADDR 4 
address (RAM) 



Re- 
turns 



Changes in CPU 
Registers and Flags: 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 




X 



• : Not Affected 
X ; Undefined 
I : Result 



Specifications; 




1 word = 10 


bits 


ROM (Words) ; 


29 


RAM (Digits) : 


8 


Stack (Digits) : 


4 


No. of cycles: 


254 


Reentrant: 


No 


Relocatable; 


No 


Interrupt OK?; 


Yes 



Description; 
1. Function Details 

(1) Argument details 

DTADDR (RAM); Holds cursor address value to be loaded into cursor address 
counter as 4-digits hexadecimal number. 

(2) Program module L2HMVE loads cursor address value into cursor address 
counter to change cursor address on display. 

(3) Program module L2HMVE calls other program modules and subroutines shown 
in Table 13.5. 



Specifications Notes: 

"No. of cycles" in "Specifications" represents the number of cycles needed 
when subroutine L2HBSY is executed by the minimum cycles. 
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Program Module Name: Move Cursor 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: L2HMVE 



Description: 

Table 13 .5. Program Modules and Subroutines Called in ,L2HMVE 



Program Module/ 



Subroutine Name 


Label 


Function 


Write Data 


L2HWT 


Writes data to LCTC through I/O port of the 


to LCTC 




HMCS404C 


Check Busy 


L2HBSY 


Checks LCTC busy flag 


Flag 





2. User Notes 

The RAM area for storing the 4-digits hexadecimal of the cursor address 
must be allocated. 



3. RAM Allocation 




Label 



Fig. 13.7. RAM Allocation 

RAM 



Description 



bl5 



dtaddr:dtaddr+i : 

DTADDR+2 :DTADDR+3 




MD($035,$034,$033,$03ij) 



Holds cursor address to be 
stored in the cursor address 
counter; consists of 4 hexa- 
decimal digits 



hi 



INSTRL : INSTRU 



bO 



MD($037, $036) 



Holds value to initialize the 
LCTC instruction register 



DATARU : DATARL 




MD($03D, $030) 



Holds value to initialize the 
LCTC data register 
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Program Module Name; Move Cursor 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



L2HMVE 



Description: 
4. Sample Application 
DTADDR EQU 



LM I D 
LM I D 
LM I D 
LM I D 



$ 8 2 



$ 0, DTADDR 
$ 0, DTADDR+1 
$ 8, DTADDR+2 
$ 4, DTADDR+3 



CALL 



L 2 HMV E 



• Allocate RAM area for storing 
the 4-digit cursor address in 
the user program 



Load the cursor address stored 
• in the user program into entry 
arguments 



■ Call L2HMVE 



5. Basic Operation 

(1) To effect display at any location on LM200, the cursor address must be 
written before writing display data. 

(2) The cursor address consists of four digits. Program module L2HWT is 
used to first set the lower digit and then the upper digit. 
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Program Module Name: Move Cursor 




MCy : HMCS402G/ 

HMCS404C/HMCS408C 




Label: L2HMVE 









Flowchart: 



^ L 2HMVE^ 



L2HMVE 



$0->INSTRU 






$A-^INSTRL 






DTADDR+3 
-►DATARL 






DTADDR+2 
-►DATARU 






L2HWT 






$0->INSTRU 






$B-»>INSTRL 






DTADDR+1 
-> DATARL 






DTADDR 
-> DATARU 






L 2 H 


WT 



Store instruction for writing cursor 
address to the LCTC (lower digits) 
into L2HWT entry arguments 



Store cursor address (lower digits) 
into L2HWT entry arguments 



Write cursor address (lower digits) 
to the LCTC 



Store instruction for writing cursor 
address to the LCTC (upper digits) 
into L2HWT entry arguments 



Store cursor address (upper digits) 
into L2HWT entry arguments 



Write cursor address (upper digits) 
to the LCTC 



^ RTN ^ 
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Program Module Name; write Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; L2HWT 



Function; Writes data or instructions to the LCTC through an HMCS404C I/O port 
under the control of signals RS, R/W and E. 



Arguments ; 


1 digit 


= 4 bits 


Contents 




Storage No. of 
Location Digits 


Entry 


LCTC 
instruc- 


INSTRU 
(RAM) 


1 




tion 


INSTRL 
(RAM) 


1 




LCTC 
data 


DATARU 
(RAM) 


1 






DATARL 

(R/yyi) 


1 


Re- 
turns 











Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


W 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications; 




1 word = 10 


bits 


ROM (Words) : 


22 


RAM (Digits) : 


4 


Stack (Digits) : 


4 


No. of cycles; 


96 


Reentrant; 


No 


Relocatable; 


No 


Interrupt OK?; 


Yes 



Description; 
1. Function Details 

(1) Argument details 

INSTRU, INSTRL (RAM) : Holds value to 
initialize the LCTC instruction 
register 

DATARU,DATARL(RAM) : Holds value to 
initialize the LCTC data register 



® Entry 

Arguments 



r INSTHU 
: INSTRL 
( HAM) 

DATAHU 
: DATAIIL 
- ( IIAM) 



b7 


bO 


1 " 


c 1 


hi 


bO 


1 n 


B 1 



(2) Result 




Note: Display position is different 
from the cursor address 

Fig. 13.8. Example of L2HWT Execution 



Specifications Notes; 



The number of cycles indicated is the minimum number of 
cycles required by subroutine L2HBSY. 
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Program Module Name: Write Data 




MCU: HMCS402C/ 




Label: L2HWT 






HMCS404C/HMCS408C 













Description: 

(2) Fig. 13.8 shows an example of program module L2HWT execution, in which 
display data $BB is written to the LCTC. 

(3) L2HWT uses the subroutines shown in Table 13.6. 



Table 13.6. Subroutines Used by Module L2HWT 

Subroutine Name Label Name Function 

Check Busy Flag L2HBSY Checks LCTC busy flag 



2. RAM Allocation 




Label 



INSTRU: INSTRL(RAM) 



Fig. 13.9. RAM Allocation 



RAM 
b7 bO 



MD ( $ 3 7 , $ 3 6 ) 



Description 

Holds value to initialize 
the LCTC instruction register 



DATARU : DATARL ( RAM) 




MD($03D. $03C) 



Holds value to initialize 
the LCTC data register 
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Program Module Name; write Data 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; L2HWT 



Description; 
3. Sample Application 



WO RK 1 U 


EQU 


$ 3 7 


WORK 1 L 


EQU 


$ 3 6 


WORK 2 U 


EQU 


$ 3 D 


W0RK2L 


EQU 


$ 3 C 




L AMD 


WORKIL 




LMAD 


INSTRL 




L AMD 


WORKIU 




LMAD 


INSTRU , 




L AMD 


W0RK2L 




LMAD 


DATARL 




L AMD 


WO RK 2 U 




LMAD 


DATARU 



Allocates RAM area in the user 
program to store value to 
. initialize the instruction 
register 

Allocates RAM area in the user 
■program to store value to 
initialize the data register 



Store value to initialize the 
• instruction register into 
entry arguments 



CALL 



L 2 HWT 



Store value to initialize the 
• data register into entry 
arguments 



•Calls L2HWT 
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Program Module Name: Write Data 




MCU; HMCS402C/ 




Label: L2HWT 






HMCS404C/HMCS408C 













Description: 



4. Basic Operation 

(1) When writing data to the LCTC, the microcomputer must store data in 
the LCTC instruction and data registers in corresponding pairs. To 
switch between instruction and data registers, the RS signal is used 
(high for instruction and low for data). 

Fig. 13.10 shows the flowchart for writing data to the LCTC. 



Check LCTC 


busy flag 






Set RS signal high 






Write data to 
instruction register 






Set RS signal low 






Write data 
register 


to data 



Checks whether the LCTC is in 
operation 



Specify LCTC instruction register 



Perform data write when E signal 
changes from high to low 



Specify LCTC data register 



Perform data write when E signal 
changes from high to low 



Fig. 13.10. Procedure for Writing Data to LCTC 



(2) When the LCTC is in operation, the microcomputer cannot write data to 
it. However, LCTC operation can be distinguished by the LCTC busy flag. 
Thus in this case, program module L2HWT calls subroutine L2HBSY to check 
the busy flag and determine whether the LCTC is in operation. 

Busy flag = 1: LCTC is in operation, data cannot be written 

Busy flag = 0: Data can be written to the LCTC 
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Program Module Name; Write Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: L2HWT 



Flowchart; 



^ L 2 HWT^ 



2HWT 




L 2 HB S Y 






1-^Do 






0-^Di 






1-*D2 






INSTRL 
R 1 






INSTRU 
-> R2 






O-^Dz 






0-^Do 






l-^Dz 






DATARL 
R 1 






DATARU 
R 2 









Dz 



Check busy flag 
Set RS signal high 
Set R/W signal low 
Set E signal high 

Load data to initialize the data register 

Set E signal low 
Set RS signal low 
Set E signal high 

Load data to initialize the data register 
Set E signal low 



Q R T N ^ 
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13 . 4 SUBROUTINE DESCRIPTION 



Subroutine Name: 



Check Busy Flag 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: L2HBSY 



Function : 



Checks whether LCTC is in operation and waits for ready state. 



Basic Operation: 

(1) Since the LCTC cannot be accessed by the microcomputer while it is in 
operation, the LCTC busy flag must be checked. 

(2) The RS, R/W and E signals are controlled by port R2 to read the busy flag. 



Program Module Using This Subroutine: L2HWT, L2HINT, L2HMVE 



Flowchart ; 



Q L 2 HB S 



L2HBSY 



$ 0- 


->R 2 






l-*Do 






1 -> 




2HBY1 










R 2->A 






0->D2 






Shift 

1 bit left 



Initialize port R2 as input 
Set RS signal high 
Set R/W signal high 
Set E signal high 



Read value of LCTC busy flag into 
the Accumulator 



CA=1 



Set E signal low 



Repeat loop until busy flag is zero 



Q RTN ^ 
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Subroutine Name: Clear Display 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: L2HCLR 



Function: Clears the contents of display RAM in the LM200 and clears 

the liquid crystal display. 



Basic Operation: Initializes cursor address to "$0000", calls L2HWT and 
stores "$00" consecutively up to "$0780" in RAM. 



Program Module Using This Subroutine: L2HINT 



Flowchart: 



^ L 2 H C L 



L2HCLR 



$A0-> 



INSTRL 
:iNSTRU 



$00- 



^DATARL 

:dataru 



L 2 HWT 



^B—INSTRL 



L 2 HWT 



$7 8 0-™in: 

MMINiLMIN 



$0 01— hsub: 

MSUB : LSUB 



L2HCR1 



$C-*INSTRL 




Store instruction "$A0" in L2HWT 
entry argument for writing lower 
. byte of cursor address 

Store lower byte of cursor address 
in L2HWT entry argument 

Write lower byte of cursor address to 
the LCTC 

Store instruction "$B" in L2HWT 
entry argument for writing upper 
_ byte of cursor address 

Write upper byte of cursor address to 
the LCTC 



Store minuend "$780" for using in SUB 



Store subtrahend "$001" for using in 
SUB 

Store the data for transf ering to the 
LCTC instruction register 

Write the display data and clears the 
display RAM 



Call SUB 



Test if clear the contents of display 
RAM from $000 to $780 
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Subroutine Name; 

Subtract 12 Bits Binary Data 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



SUB 



Function: 



Performs subtraction of 12 bits binary data in RAM, and stores 
result in RAM. 



Basic Operation: When substraction is performed with 2 or more digits, the same 
operation sequence is repreated for each digit. Subtraction 
result is stored in RAM for minuend. 



Program Module Using This Subroutine: None 



Flowchart : 



S U B ^ 



SUB 



1-* 


►CA 






L S UB-^A 






LMIN-A-CA 
-►LM I N 






MSUB->A 






MMIN-A-CA 
-►MM I N 






HS UB->A 






HMIN-A-TJA 
->HMI N 



Set CA for borrow process 



Subtract lower digits and store 
subtraction result in RAM for minuend 



Subtract middley digits considering 
CA (borrow) and store subtraction 
result in RAM for minuend 



Subtract upper digits considering 
CA (borrow) and store subtraction 
result in RAM for minuend 



Q R T N ^ 
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13.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 




00001 


100 




0000 




LLEN 


132 




00002 










TITLE 


HD61830 (LM200) GRAPHIC MODE 


00003 
















00004 










RAM ALLOCATION jk*****)^************************* 


00005 
















00006 








CGUNTU 


EQU 


$030 


UPPER DIGIT OF ROW COUNTER 


00007 








COUNTL 


EQU 


$031 


LOWER DIGIT OF ROW COUNTER 


00008 








DTADDR 


EQU 


$032 


CURSOR ADDRESS 


00009 








INSTRU 


EQU 


$036 


UPPER LCTC INSTRUCTION REGISTER DATA 


00010 








INSTRL 


EQU 


$037 


LOWER LCTC INSTRUCTION REGISTER DATA 


00011 








DSPCTU 


EQU 


$038 


UPPER DIGIT OF DISPLAY DATA POINTER 


00012 








DSPCTL 


EQU 


$039 


LOWER DIGIT OF DISPLAY DATA POINTER 


00013 








INTA 


EQU 


$03A 


LOWER DIGIT OF SOURCE STARTING ADDR 


00014 








INTB 


EQU 


$038 


UPPER DIGIT OF SOURCE STARTING ADDR 


00015 








DATARU 


EQU 


$03C 


UPPER LCTC DATA REGISTER DATA 


00016 








DATARL 


EQU 


$03D 


LOWER LCTC DATA REGISTER DATA 


00017 








HMIN 


EQU 


$03E 


UPPER DIGIT OF MINUEND 


00018 








MMIN 


ECU 


$03F 


MIDDLE MINUEND 


00019 








LMIN 


EQU 


$040 


LOWER DIGIT OF MINUEND 


00020 








HSUB 


EQU 


$041 


UPPER DIGIT OF SUBTRAHEND 


00021 








MSUB 


EQU 


$042 


MIDDLE DIGIT OF SUBTRAHEND 


00022 








LSUB 


EQU 


$043 


LOWER DIGIT OF SUBTRAHEND 


00023 










00024 
















00025 












VECTOR ADDRESSES * 


00026 








* 






* 


00027 








>k )K )K >K >K >k >k >t( )tc )k )K )k « )K )t< )K >K )k >K >t( >K )K )k )*< )k )|< )k >k )K >k >K )k >|( )K >K >k >K >K >K >K )k >k )k 


00028 
















00029 










ORG 


$0000 




00030 
















00031 


150 


010 


0000 




JMPL 


L2HMN 


RESET 


00032 


150 


010 


0002 




JMPL 


L2HMN 


INTO 


00033 


150 


010 


0004 




JMPL 


L2HMN 


INTl 


00034 


150 


010 


0006 




JMPL 


L2HMN 


TIMER-A 


00035 


150 


010 


0008 




JMPL 


L2HMN 


TIMER-B 


00036 


000 




OOOA 




NOP 






00037 


000 




OOOB 




NOP 






00038 


150 


010 


OOOC 




JMPL 


L2HMN 


SERIAL 


00039 








)k 3k >K >K )K >K >K )k )K >K >K 9k )t( )k >K )k )K )k )K )*( )K )K >K >K )K >K )k >K >K )k >k )K >K )t< >K )t( )K )K >k )t( )t< )k 3l( )K 


00040 
















00041 








* 




MAIN PROGRAM : 


L2HMN * 


00042 








* 






* 


00043 










00044 








* 








00045 










ORG 


$0010 




00046 








* 








00047 


OFO 




0010 


L2HMN 


LWI 


$0 


INITIALIZE W REGISTER 


00048 


160 


06F 


0011 




CALL 


L2HINT 


INITIALIZE LCTC FOR GRAPHIC MODE 


00049 


160 


OCl 


0013 




CALL 


L2HCLR 


CLEAR DISPLAY 


00050 


210 




0015 




LYI 


$0 


CLEAR COLUMN COUNTER 


00051 


lAO 


038 


0016 




LMID 


$0. DSPCTU 


CLEAR DISPLAY DATA POINTER 


00052 


lAO 


039 


0018 




LMID 


$0. DSPCTL 




00053 


lAO 


030 


OOIA 




LMID 


$0,COUNTU 


CLEAR ROW COUNTER 


00054 


lAO 


031 


OOlC 




LMID 


$0. COUNTL 




00055 


lAO 


032 


OOIE 




LMID 


$0. DTADDR 


STORE CURSOR ADDRESS (UPPER) 


00056 


lAO 


033 


0020 




LMID 


$0.DTADDR+1 




00057 


1A8 


034 


0022 




LMID 


$8,DTADDR+2 


STORE CURSOR ADDRESS (LOWER) 
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00058 


1A4 


035 


0024 




LMID 


$4,DTADDR+3 




00059 


160 


0A4 


0026 


L2HMN1 


CALL 


L2HMVE 


WRITE CURSOR ADDRESS TO LCTC 


00060 


lAC 


037 


0028 




LMID 


SC.INSTRL 


LOAD INSTRUCTION 


00061 


lAO 


036 


002A 




LMID 


SO.INSTRU 




00062 


190 


038 


002C 


L2HMN2 


LAMD 


DSPCTU 


LOAD DISPLAY DATA 


00063 


0C8 




002E 




LEA 






00064 


190 


039 


002F 




LAMD 


DSPCTL 




00065 


162 




0031 




P 


$2 


PATTERN 


00066 


194 


030 


0032 




LMAD 


DATARL 




00067 


048 




0034 




LAB 






00068 


194 


03C 


0035 




LMAD 


DATARU 




00069 


160 


08E 


0037 




CALL 


L2HWT 


WRITE DISPLAY DATA TO LCTC 


00070 


OEC 




0039 




REC 




INCREMENT POINTER 


00071 


231 




003A 




LAI 


$1 




00072 


118 


039 


0038 




AMCD 


DSPCTL 




00073 


194 


039 


003D 




LMAD 


DSPCTL 




00074 


230 




003F 




LAI 


$0 




00075 


118 


038 


0040 




AMCD 


DSPCTU 




00076 


194 


038 


0042 






DSPCTU 




66677 


05C 




0044 




I V " 




INCREMENT COLUMN COUNTER 


00078 


075 




0045 




YNEI 


$5 


TEST IF COLUMN COUNTER «5 


00079 


32C 




0046 




BR 


L2HMN2 




00080 


210 




0047 




LYI 


$0 


CLEAR COLUMN COUNTER 


00081 


OEC 




0048 




REC 




ADD CURSOR ADDRESS TO 30 


00082 


23E 




0049 




LAI 


$E 




00083 


118 


035 


004A 




AMCD 


DTADDR+3 




00084 


194 


035 


004C 




LMAD 


DTADDR+3 




00085 


231 




004E 




LAI 


$1 




00086 


118 


034 


004F 




AMCD 


DTADDR+2 




00087 


194 


034 


0051 




LMAD 


DTADDR+2 




00088 


230 




0053 




LAI 


$0 




00089 


118 


033 


0054 




AMCD 


DTADDR+1 




00090 


194 


033 


0056 




LMAD 


DTADDR+1 




00091 


230 




0058 




LAI 


$0 




00092 


118 


032 


0059 




AMCD 


DTADDR 




00093 


194 


032 


0058 




LMAD 


DTADDR 




00094 


OEC 




0050 




REC 




INCREMENT ROW COUNTER 


00095 


231 




005E 




LAI 


$1 




00096 


118 


031 


005F 




AMCD 


COUNTL 




00097 


194 


031 


0061 




LMAD 


COUNTL 




00098 


230 




0063 




LAI 


$0 




00099 


118 


030 


0064 




AMCD 


COUNTU 




00100 


194 


030 


0066 




LMAD 


COUNTU 




00101 


123 


030 


0068 




INEMD 


$3, COUNTU 


TEST IF ROW COUNTER -50 


00102 


326 




006A 




BR 


L2HMN1 




00103 


122 


031 


0068 




INEMD 


$2. COUNTL 




00104 


326 




0060 




BR 


L2HMN1 


LOOP UNTIL DISPLAY END 


00105 


36E 




006E 


PEND 


BR 


PEND 


END OF PROGRAM 


00106 










00107 
















00108 








* 


NAME : 


; L2HINT (INITIALIZE LCTC) * 


00109 
















00110 








]|( )t( 3t( )K >t( )K )K >K )K >K )t( * )k >K >k )K )K )k ><( >K >K 3k >k >K )K )k )K >k )K >k )K >K )K >k )K )t( >k >K >K )tc )|( )K )^ 


00111 
















00112 








* 


ENTRY ; 


: NOTHING 




00113 










RETURNS : 


: NOTHING 




00114 














* 
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00115 










00116 


lAO 


03A 


006F 


L2HINT LMID 


$0. INTA 


STORE LOWER DIGIT OF SOURCE ADDRESS 


00117 


1A5 


038 


0071 


LMID 


$5, INTB 


STORE UPPER DIGIT OF SOURCE ADDRESS 


00118 


160 


OEB 


0073 


L2HIT1 CALL 


L2HBSY 


CHECK LCTC BUSY FLAG 


00119 


190 


038 


0075 


LAMD 


INTB 




00120 


0C8 




0077 


LBA 






00121 


190 


03A 


0078 


LAMD 


INTA 




00122 


2E0 




007A 


SEDD 





RS=1 


00123 


261 




007B 


REDD 


1 


R/W=0 


00124 


2E2 




007C 


SEDD 


2 


E=l 


00125 


000 




0070 


NOP 






00126 


181 




007E 


P 


1 


OUTPUT INSTRUCTION BY PATTERN INSTR 


00127 


000 




007F 


NOP 






00128 


262 




0080 


REDD 


2 


E=0 


00129 


281 




0081 


AI 


$1 


INCREMENT ADDRESS 


00130 


260 




0082 


REDD 





RS=0 


00131 


2E2 




0083 


SEDD 


2 


E=l 


00132 


000 




0084 


NOP 






00133 


IBl 




0085 


P 


1 


OUTPUT DATA BY PATTERN INSTRUCTION 


00134 


000 




0086 


NOP 






00135 


262 




0087 


REDD 


2 


E=0 


00136 


281 




0088 


AI 


$1 


INCREMENT ADDRESS 


00137 


194 


03A 


0089 


LMAD 


INTA 




00138 


380 




0088 


BRS 


L2HIT2 


BRANCH IF INTA=F 


00139 


373 




008C 


BRS 


L2HIT1 


BRANCH IF INTA/=F 


00140 


010 




008D 


L2HIT2 RTN 






00141 










00142 








* 






00143 








* NAME : 


L2HWT (WRITE 1 


DATA TO LCTC) * 


00144 












>♦< 


00145 








>tc4( >k >k )tc>t( X( >K 4( 4( )t( >t<)t( )« >k >K >K >i( Xc )(c>K >t( )t( )t( >K )K >te }<( )t( >K 1 




00146 












>K 


00147 








* ENTRY : 


INSTRU (UPPER 


HALF OF INSTR TO LCTC) * 


00148 








* 


INSTRL (LOWER 


HALF OF INSTR TO LCTC) * 


00149 








* 


DATARU (UPPER 


DATA TO LCTC) * 


00150 








* 


DATARL (LOWER 


DATA TO LCTC) * 


00151 








* RETURNS : 


NOTHING 


* 


00152 








* 




* 


00153 








)K >K )K >k >K )K >l( >K >k >k )k )k )K )k )K >K >k >K >K >t( )<< 3K )k >K >K >K >k )<< >K >K >K >k )k )K >K )t< )k >K >K )K » >K « >K ^ 


00154 


160 


OEB 


008E 


L2HWT CALL 


L2HBSY 


CHECK LCTC BUSY FLAG 


00155 


2E0 




0090 


SEDD 





RS=1 


00156 


261 




0091 


REDD 


1 


R/W=0 


00157 


2E2 




0092 


SEDD 


2 


E=l 


00158 


190 


037 


0093 


LAMD 


INSTRL 




00159 


201 




0095 


LRA 


1 


STORE DATA WRITTEN TO INSTRUCTION REG 


00160 


190 


036 


0096 


LAMD 


INSTRU 




00161 


202 




0098 


LRA 


2 




00162 


262 




0099 


REDD 


2 


E=0 


00163 


260 




009A 


REDD 





RS=0 


00164 


2E2 




0098 


SEDD 


2 


E=l 


00165 


190 


030 


009C 


LAMD 


DATARL 




00166 


2D1 




009E 


LRA 


1 


STORE DATA WRITTEN TO DATA REG 


00167 


190 


03C 


009F 


LAMD 


DATARU 




00168 


202 




00 A 1 


LRA 


2 




00169 


262 




00A2 


REDD 


2 


E=0 


00170 


010 




00A3 


RTN 






00171 
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00172 








* 






* 




00173 










NAME ; 


: L2HMVE (SET CURSOR ADDRESS) * 




00174 


















00175 








>K )K )K 3K >K )k >t( >K )K Ik >K >k >K >K )k )k >K )K >K >K )K )k >k >K )K >k }K >K )K )k >k )k )K >k >k Ik >K )K )K )K >K )K )K )k « 




00176 








* 






* 




00177 










ENTRY : 


; DTADDR (CURSOR 


ADDRESS VALUE) * 




00178 










RETURNS ; 


: NOTHING 


* 




00179 








* 






* 




00180 








)k >K « )k )k >k )k )k >k )k )k >k >k >k « >k )k >k >K >K >k >k )k >k )K )k )k >k >k >k >k >K >k >K )k )k >k >K « >k >k )k >k )K « 




00181 


lAO 


036 


00A4 


L2HMVE 


LMID 


$0. INSTRU 


STORE INSTRUCTION 




00182 


lAA 


037 


00A6 




LMID 


$A.INSTRL 






00183 


190 


035 


00A8 




LAMD 


DTADDR+3 


STORE DATA 




00184 


194 


030 


OOAA 




LMAD 


DATARL 






00185 


190 


034 


OOAC 




LAMD 


DTADDR+2 






00186 


194 


03C 


OOAE 




LMAD 


DATARU 






00187 


160 


08E 


OOBO 




CALL 


L2HWT 


WRITE LOWER CURSOR ADDR TO 


LCTC 


00188 


lAO 


036 


0082 




LMID 


$0. INSTRU 


STORE INSTRUCTION 




00189 


lAB 


037 


0084 




LMID 


$B, INSTRL 






00190 


190 


033 


00B6 




LAMD 


DTADDR+1 


STORE DATA 




00191 


194 


03D 


0088 




LMAD 


DATARL 






00192 


190 


032 


OOBA 




LAMD 


DTADDR 






00193 


194 


03C 


OOBC 




LMAD 


DATARU 






00194 


160 


08E 


OOBE 




CALL 


L2HWT 


WRITE UPPER CURSOR ADDR TO 


LCTC 


00195 


010 




OOCO 




RTN 








00196 












00197 


















00198 










NAME 


: L2HCLR (CLEAR 


DISPLAY) * 




00199 








* 










00200 












00201 


lAA 


037 


OOCl 


L2HCLR 


LMID 


$A, INSTRL 


STORE INSTRUCTION 




00202 


lAO 


036 


00C3 




LMID 


$0. INSTRU 






00203 


lAO 


03D 


00C5 




LMID 


$0. DATARL 


STORE LOWER CURSOR ADDRESS 




00204 


lAO 


03C 


00C7 




LMID 


$0. DATARU 






00205 


160 


08E 


00C9 




CALL 


L2HWT 


WRITE LOWER CURSOR ADDR TO 


LCTC 


00206 


lAB 


037 


OOCB 




LMID 


$B, INSTRL 


STORE INSTRUCTION 




00207 


160 


08E 


OOCO 




CALL 


L2HWT 


WRITE UPPER CURSOR ADDR TO 


LCTC 


00208 


1A7 


03E 


OOCF 




LMID 


$7,HMIN 


STORE MINUEND 




00209 


1A8 


03F 


OODl 




LMID 


$8,MMIN 






00210 


lAO 


040 


00D3 




LMID 


$O.LMIN 






00211 


lAO 


041 


00D5 




LMID 


SO.HSUB 


STORE SUBTRAHEND 




00212 


lAO 


042 


00D7 




LMID 


$0,MSUB 






00213 


lAl 


043 


0009 




LMID 


$1,LSUB 






00214 


lAC 


037 


OODB 


L2HCR1 


LMID 


$C, INSTRL 


STORE DATA 




00215 


160 


08E 


OODO 




CALL 


L2HWT 


WRITE DISPLAY DATA($00) TO 


RAM 


00216 


160 


0F6 


OODF 




CALL 


SUB 






00217 


120 


03E 


OOEl 




INEMD 


SO.HMIN 


TEST IF DISPLAY RAM IS CLEARED 


00219 


308 




00E3 




BRS 


L2HCR1 






00219 


120 


03F 


00E4 




INEMD 


SO.MMIN 






00220 


308 




00E6 




BRS 


L2HCR1 






00221 


120 


040 


00E7 




INEMD 


$0,LMIN 






00222 


3DB 




00E9 




BRS 


L2HCR1 






00223 


010 




OOEA 




RTN 








00224 












00225 








* 










00226 










NAME : 


: L2HBSY (CHECK 


BUSY FLAG) * 




00227 








AC 






* 




00228 
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00229 


230 




OOEB 


L2HBSY 


LAI 


$0 


00230 


202 




OOEC 




LRA 


2 SELECT R2 AS INPUT 


00231 


2E0 




OOED 




SEDD 


RS=1 


00232 


2E1 




OOEE 




SEDD 


1 R/W=l 


00233 


2E2 




OOEF 


L2HBY1 


SEDD 


2 E=l 


00234 


252 




OOFO 




LAP 


2 READ LCTC BUSY FLAG 


00235 


262 




OOFl 




REDD 


2 E=0 


00236 


OAl 




00F2 




ROTL 




00237 


06F 




00F3 




TC 




00238 


3EF 




00F4 




BRS 


L2HBY1 LOOP UNTIL BUSY FLAG=1 


00239 


010 




00F5 




RTN 




00240 










00241 








* 






00242 










NAME : 


SUB (SUBTRACT 12-BIT BINARY DATA) * 


00243 








* 






00244 








« )K )t< >K )K >K )*( >k >K )<( >K >K >K )K )K >t< >K )<( )K >K >K )K >K >K >K >K >k )«( >K >k >l< )K )k )k )K >K )K )K )K >K )k >K )k >^ 


00245 


OEF 




00F6 


SUB 


SEC 


SET CARRY 


00246 


190 


043 


00F7 




LAMD 


LSUB 


00247 


198 


040 


00F9 




SMCD 


LMIN SUBTRACT LOWER DIGITS 


00248 


194 


040 


OOFB 




LMAD 


LMIN LMIN-LSUB->LMIN 


00249 


190 


042 


OOFD 




LAMD 


MSUB 


00250 


198 


03F 


OOFF 




SMCD 


MMIN SUBTRACT MIDDLE DIGITS 


00251 


194 


03F 


0101 




LMAD 


MMIN MMIN-MSUB->MMIN 


00252 


190 


041 


0103 




LAMD 


HSUB 


00253 


198 


03E 


0105 




SMCD 


HMIN SUBTRACT UPPER DIGITS 


00254 


194 


03E 


0107 




LMAD 


HMIN HMIN-HSUB->HMIN 


00255 


010 




0109 




RTN 




00256 








)K )K >K )K >K )K >k 3K )K >K )K >K >k >K >K >K )<( >K >K )K >k >K )K ><< )K )K )K )K )K >K >K >k >K >K )k >K >k )K >K >K )K >K >k >(( )^ 


00257 












* 


00258 








* 


DATA TABLE 


(DATA TO INITIALIZE LCTC) * 


00259 








* 






00260 










00261 














00262 










ORG 


$0150 


00263 














00264 


200 




0150 




DC 


$200 


00265 


232 




0151 




DC 


$232 


00266 


201 




0152 




DC 


$201 


00267 


207 




0153 




DC 


$207 


00268 


202 




0154 




DC 


$202 


00269 


21D 




0155 




DC 


$21D 


00270 


203 




0156 




DC 


$203 


00271 


21F 




0157 




DC 


$21F 


00272 


208 




0158 




DC 


$208 


00273 


200 




0159 




DC 


$200 


00274 


209 




015A 




DC 


$209 


00275 


200 




0158 




DC 


$200 


00276 


20A 




015C 




DC 


$20A 


00277 


200 




0150 




DC 


$200 


00278 


20B 




015E 




DC 


$20B 


00279 


200 




015F 




DC 


$200 


00280 










00281 












* 


00282 










DATA TABLE 


(DISPLAY DATA) * 


00283 












* 


00284 










00285 








* 
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00286 






ORG 


$0200 


00287 










00288 


100 


0200 


DC 


$100 


00289 


100 


0201 


DC 


$100 


00290 


180 


0202 


DC 


$180 


00291 


lOF 


0203 


DC 


$10F 


00292 


100 


0204 


DC 


$100 


00293 


ICO 


0205 


DC 


$1C0 


00294 


100 


0206 


DC 


$100 


00295 


ICO 


0207 


DC 


$1C0 


00296 


IIF 


0208 


DC 


$11F 


00297 


100 


0209 


DC 


$100 


00298 


lEO 


020A 


DC 


$1E0 


00299 


101 


0208 


DC 


$101 


00300 


ICO 


020C 


DC 


$1C0 


00301 


IIP 


0200 


DC 


$11F 


00302 


100 


020E 


DC 


$100 


00303 


1F8 


020F 


DC 


$1F8 


00304 


103 


0210 


DC 


$103 


00305 


1E7 


0211 


DC 


$1E7 


00306 


13F 


0212 


DC 


$13F 


00307 


100 


0213 


DC 


$100 


00308 


1F8 


0214 


DC 


$1F8 


00309 


1C7 


0215 


DC 


$1C7 


00310 


1F8 


0216 


DC 


$1F8 


00311 


13F 


0217 


DC 


$13F 


00312 


100 


0218 


DC 


$100 


00313 


IPC 


0219 


DC 


$1FC 


00314 


137 


021A 


DC 


$137 


00315 


ICO 


0218 


DC 


$1C0 


00316 


17F 


021C 


DC 


$17F 


00317 


100 


0210 


DC 


$100 


00318 


IFE 


021E 


DC 


$1FE 


00319 


lOF 


021F 


DC 


$10F 


00320 


180 


0220 


DC 


$180 


00321 


17F 


0221 


DC 


$17F 


00322 


100 


0222 


DC 


$100 


00323 


IFE 


0223 


DC 


$1FE 


00324 


107 


0224 


DC 


$107 


00325 


180 


0225 


DC 


$180 


00326 


13F 


0226 


DC 


$13F 


00327 


100 


0227 


DC 


$100 


00328 


IFE 


0228 


DC 


$1FE 


00329 


103 


0229 


DC 


$103 


00330 


1C3 


022A 


DC 


$1C3 


00331 


13F 


0228 


DC 


$13F 


00332 


100 


022C 


DC 


$100 


00333 


IFF 


022D 


DC 


$1FF 


00334 


183 


022E 


DC 


$183 


00335 


1E7 


022F 


DC 


$1E7 


00336 


13F 


0230 


DC 


$13F 


00337 


100 


0231 


DC 


$100 


00338 


IFF 


0232 


DC 


$1FF 


00339 


ICl 


0233 


DC 


$1C1 


00340 


12C 


0234 


DC 


$12C 


00341 


lie 


0235 


DC 


$11C 


00342 


100 


0236 


DC 


$100 
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00343 


IFE 


0237 


DC 


$1FE 


00344 


lEO 


0238 


DC 


$1E0 


00345 


168 


0239 


DC 


$168 


00346 


12D 


023A 


DC 


$12D 


00347 


100 


0238 


DC 


$ 100 


00348 


17E 


023C 


DC 


$17E 


00349 


170 


0230 


DC 


$ 1 70 


00350 


ICE 


023E 


DC 


$1CE 


00351 


14C 


023F 


DC 


$ 1 4C 


00352 


100 


0240 


DC 


$100 


00353 


13E 


024 1 


DC 


* 1 TF 


00354 


IFO 


0242 


DC 


$ IFO 


00355 


ICC 


0243 




« 1 r r 

* L LL 


00356 


1 8E 




DC 


$ 18E 


00357 


100 


0245 


DC 


$100 


00358 


110 


0246 


DC 




00359 


IFO 


0247 


DC 


$1F0 


00360 


1 OF 


0248 


DC 


$10F 


00361 


lOF 


0249 


nr 

UL 


$10F 


00362 


101 


024A 


DC 


$101 


00363 




0248 


DC 


$110 


00364 


lEO 


024C 


nr 

UL 


$1E0 


00365 


187 


024D 


nr 


$187 


00366 


113 


024E 


DC 


$ 1 1 3 


00367 


101 


024F 


DC 


$101 


00368 


110 


0250 


DC 


$110 


00369 


lEO 


0251 


DC 


$ 1 EO 


00370 


183 


0252 


DC 


$183 


00371 


118 


0253 


DC 


$118 


00372 


102 


0254 


DC 


$102 


00373 


108 


0255 


DC 


$ 108 


00374 


180 


0256 


DC 


$180 


00375 


101 


0257 


DC 


$101 


00376 


lOF 


0258 


DC 


$10F 


00377 


102 


0259 


DC 


$ 1 02 


00378 


108 


025A 


DC 


$ 108 


00379 


100 


0258 


DC 


$100 


00380 


100 


025C 


DC 


$ 1 00 


00381 


106 


025D 


DC 


$106 


00382 


102 


025E 


DC 


$ 1 02 


00383 


108 


025F 


DC 


$108 


00384 


100 


0260 


DC 


$100 


00385 


100 


0261 


DC 


* i uu 


00386 


100 


0262 


nr 

UL 


$100 


00387 


102 


0263 


DC 


$102 


00388 


1 08 


0264 


DC 


$108 


00389 


100 


0265 


DC 


$100 


00390 


100 


0266 


nr 

UL 


$100 


00391 






nr 

UL 


« 1 nn 

* JL uu 


00392 


101 


0268 


DC 


$101 


00393 


110 


0269 


DC 


$110 


00394 


100 


026A 


DC 


$100 


00395 


100 


026B 


DC 


$100 


00396 


100 


026C 


DC 


$100 


00397 


101 


0260 


DC 


$101 


00398 


110 


026E 


DC 


$110 


00399 


100 


026F 


DC 


$100 
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00400 


140 


0270 


DC 


$140 


00401 


108 


0271 


DC 


$108 


00402 


101 


0272 


DC 


$101 


00403 


120 


0273 


DC 


$120 


00404 


180 


0274 


DC 


$180 


00405 


lAO 


0275 


DC 


$1A0 


00406 


184 


0276 


DC 


$184 


00407 


100 


0277 


DC 


$100 


00408 


120 


0278 


DC 


$120 


00409 


100 


0279 


DC 


$100 


00410 


113 


027A 


DC 


$113 


004 1 1 


1C3 


0278 


DC 


$1C3 


00412 


101 


027C 


DC 


$101 


00413 


140 


0270 


DC 


$140 


00414 


100 


027E 


DC 


$100 


00415 


IOC 


027F 


DC 


$10C 


00416 


ICO 


0280 


DC 


$1C0 


00417 


101 


0281 


DC 


$101 


00418 


180 


0282 


DC 


$180 


004 1 9 


101 


0283 


DC 


SiOi 


00420 


100 


0284 


DC 


$100 


00421 


1F8 


0285 


DC 


$1F8 


00422 


103 


0286 


DC 


$103 


00423 


100 


0287 


DC 


$100 


00424 


106 


0288 


DC 


$106 


00425 


ICO 


0289 


DC 


$1C0 


00426 


1F7 


028A 


DC 


$1F7 


00427 


107 


0288 


DC 


$107 


00428 


100 


028C 


DC 


$100 


00429 


102 


028D 


DC 


$102 


00430 


13C 


028E 


DC 


$13C 


00431 


lEO 


028F 


DC 


$1E0 


00432 


107 


0290 


DC 


$107 


00433 


100 


0291 


DC 


$100 


00434 


101 


0292 


DC 


$101 


00435 


140 


0293 


DC 


$140 


00436 


1F8 


0294 


DC 


$1F8 


00437 


101 


0295 


DC 


$101 


00438 


100 


0296 


DC 


$100 


00439 


103 


0297 


DC 


$103 


00440 


180 


0298 


DC 


$180 


00441 


IFF 


0299 


DC 


$1FF 


00442 


103 


029A 


DC 


$103 


00443 


180 


0298 


DC 


$180 


00444 


107 


029C 


DC 


$107 


00445 


100 


029D 


DC 


$100 


00446 


IFF 


029E 


DC 


$1FF 


00447 


103 


029F 


DC 


$103 


00448 


180 


02A0 


DC 


$180 


00449 


1 np 

Ji ur 




DC 


$10F 


00450 


100 


02A2 


DC 


$100 


00451 


19F 


02A3 


DC 


$19F 


00452 


103 


02A4 


DC 


$103 


00453 


ICO 


02A5 


DC 


$1C0 


00454 


lOF 


02A6 


DC 


$10F 


00455 


100 


02A7 


DC 


$100 


00456 


lOE 


02A8 


DC 


$10E 
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00457 


100 






$100 


00458 


ICO 


UifcHH 




«i rn 


00459 


1 HP 


noAR 

UZHt3 


DC 


$10F 


00460 


100 


no^r 


nr 

UL 


* 1 nn 


00461 


1 09 

xuz 


no^n 

UzHU 


DC 


$102 


00462 


100 


02AE 


nr 
uu 


*i nn 


00463 


ICO 


02AF 


nr 

UL 


$ 1 CO 


00464 


1 IF 


n^Rn 

UZDU 


nr 

UL 


$1 IF 


00465 


100 


02B1 


DC 


$100 


00466 


102 


02B2 


nr 

UL 




00467 


100 


0283 


DC 


$100 


00468 


lEO 


02B4 


DC 


«i pn 


00469 


1 IF 


02B5 


nr 

UL 


« 1 1 p 


00470 


100 


0266 


DC 


$100 


00471 


103 


02B7 


DC 


* 1 nT 


00472 


100 


02B8 


DC 


$100 


00473 


lEO 


02B9 


DC 


$1E0 


00474 


lOF 


02BA 


DC 


*i np 


00475 


1C6 


UZDD 


nr 

UL 


<MLO 


00476 


107 


026C 


DC 


$107 


00477 


100 


02BD 


DC 


$100 


00478 


icu 


n'7RP 


nr 

UL 


pn 


00479 


lOF 


02BF 


DC 


$10F 


UUf OU 


IDF 


norn 
uzuu 


nr 

UL 


«i np 


00481 


1 IE 


02C 1 


DC 


$ 1 1 E 


00482 






nr 

UL 


$100 


00483 


1 pn 


02C3 


DC 


$1E0 


00484 


1 AF 




nr 

UL 


« 1 AP 


00485 


IFA 


02C5 


DC 


$1FA 


00486 


1 1 A 


02C6 


DC 


$1 1 A 


00487 


1 nn 
i. uu 




nr 

UL 


$100 


00488 


1 pn 


02C8 


nr 

UL 


$ 1 EO 


00489 


lEF 


02C9 


DC 


« 1 PIT 


00490 


IFA 


02CA 


nr 

UL 


$1FA 


00491 


1 1 A 


02CB 


nr 

UL 


« 1 1 A 

* i i H 


00492 


100 


02CC 


DC 


$100 


00493 


IDO 


02CD 


nr 

UL 


*i nn 


00494 


177 


02CE 


DC 


$1 77 


00495 


IFB 


02CF 


DC 


$1FB 


00496 


1 1 A 


02D0 


DC 


$1 1 A 


00497 


100 


02D1 


DC 


$100 


00498 


1 A8 


02D2 


DC 


$1 A8 


00499 


178 


0203 


DC 


$17B 


00500 


IFB 


02D4 


DC 


$1FB 


00501 


13F 


0205 


DC 


$13F 


00502 


1 nn 


02D6 


DC 


$100 


00503 


164 


02D7 


DC 


$164 


00504 


IFD 


02D8 


DC 


$1FD 




IFF 




nr 

UL 


*i pp 


00506 


13F 


02DA 


DC 


$13F 


00507 


100 


02DB 


DC 


$100 


00508 


1C2 


02DC 


DC 


$1C2 


00509 


IFE 


02DD 


DC 


$1FE 


00510 


IFF 


02DE 


DC 


$1FF 


00511 


13F 


02DF 


DC 


$13F 


00512 


100 


02E0 


DC 


$100 


00513 


1C2 


02E1 


DC 


$1C2 
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00514 


IFF 


02E2 


DC 


$1FF 


00515 


IFF 


02E3 


DC 


$1FF 


00516 


IIF 


02E4 


DC 


$11F 


00517 


100 


02E5 


DC 


$100 


00518 


184 


02E6 


DC 


$184 


00519 


IFF 


02E7 


DC 


$1FF 


00520 


IFF 


02E8 


DC 


$1FF 


00521 


IIF 


02E9 


DC 


$11F 


00522 


100 


02EA 


DC 


$100 


00523 


198 


02EB 


DC 


$198 


00524 


IFF 


02EC 


DC 


$1FF 


00525 


IFF 


02ED 


DC 


$1FF 


00526 


lOF 


02EE 


DC 


$10F 


00527 


100 


02EF 


DC 


$100 


00528 


160 


02F0 


DC 


$160 


00529 


IFF 


02F1 


DC 


$1FF 


00530 


IFF 


02F2 


DC 


$1FF 


00531 


lOF 


02F3 


DC 


$10F 


00532 


100 


02F4 


DC 


$100 


00533 


100 


02F5 


DC 


$100 


00534 


IFE 


02F6 


DC 


$1FE 


00535 


IDF 


02F7 


DC 


$1DF 


00536 


107 


02F8 


DC 


$107 


00537 


100 


02F9 


DC 


$100 


00538 










00539 






END 
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SECTION 14. LIQUID CRYSTAL MODULE (CYCLE MEASUREMENT) 



14.1 HARDWARE DESCRIPTION 

14.1.1 Function 

Controls LCD module H2570 and displays "CMOS MCU HMCS400" on the 
liquid crystal display. 

14.1.2 Microcomputer Operation 

(1) Controls HD44780 (hereafter abbreviated LCD-II) data bus through 
ports R4 and R5. 

(2) Controls LCD-II control signals (Signals RS, R/W and E) 
through port D. 

(3) To control LCD-II data bus and control signals by HMCS404C 
software, there are no restrictions in terms of timing. 

(4) From HMCS404C display data is transmitted to LCD-II in the form 
of ASCII code. Liquid crystal driver HD44100 and the liquid 
crystal display are automatically controlled by LCD-II which is 
in turn controlled by the HMCS404C. 

14.1.3 Peripheral Devices 

(1) LCD controller driver HD44780 (LCD-II) : Controls dot matrix 
LCD of LCD module H2570. 

(2) LCD driver HD44100: Drives LCD of LCD module H2570. 

(3) LCD module H2570: Provides a display of 16 characters x 1 row. 
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14.1.4 Circuit Diagram 



MCU 
HMCS404C 
/HMCS402CN 
^ HMC S 4 8 C ^ 



Liquid Crystal Module H2570 




34 8 \ 


35 




36 10 1 


24 


11 1 


25 


12 1 


26 




27 


14 1 




LCD- 



DBo HD44780 
DB, 
DBz 

DBs 

DB4 

DB, 
DBo 
DB7 
RS 
IMV 
E 

Vdd 
vo 



Fig. 14.1. H2570 Control Circuit 
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14.1.5 Pin Functions 



Pin functions at the connecting interface of HMCS404C and LCD^II are 
shown in Table 14.1. 



Table 14.1. Pin Functions 



Pin Name 
(HMCS404C) 


Input/ 
Output 


Active 
level 


Function 


Pin Name 
(LCD-II) 


Do 


Input/ 


Low 


Selects instruction register 


RS 




Output 


High 


Selects data register 




Dl 




Low 


Data writing 
(Microcomputers LCD-II) 


R/W 






High 


Data reading 
(Microcomputer LCD-II) 




D2 




High 


Enable signal 


E 


R40 






Data line 


DBO 


R41 








DBl 


R42 








DB2 


R43 








DB3 


R50 








DB4 


R51 








DB5 


R52 








DB6 


R53 








DB7 
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14 . 1 . 6 Hardware Operation 

Control signals from both the HMCS404C and LCD-II is performed with 
the timing shown in Fig. 14.2. 

(l) Data is written to LCTC at the falling edge of E. 
(D Data from LCD-II can be read during period Ti. 



Pin name (LCD- II) 




Fig. 14.2. HMCS404C LCD-II Interface Timing Chart 
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14.2 SOFTWARE DESCRIPTION 



14.2.1 Program Module Configuration 

Fig. 14.3 shows the progrsun module configuration for performing 
display on the liquid crystal. 



LCDMN 





Main ' — 
Program 












LCDRES 


LCD INT 


LCDDSP 


Reset ' — 
LCD- I I 




2 

Initialize ' — 
LCD- I I 




3 

Display 
on LCD- I I 



Fig. 14.3. Program Module Configuration 

14.2.2 Program Module Functions 

Outline of program module functions is shown in Table 14.2. 



Table 14.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


LCDMN 


Main program which conducts 
character display on H2570 


1 


Reset LCD-II 


LCDRES 


Resets LCD-II according to instructions 


2 


Initialize LCD-II 


LCDINT 


Initializes LCD-II display mode 


3 


Display on LCD 


LCDDSP 


Sends ASCII code to LCD-II and 
displays on H2570 
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14.2.3 Program Module Process Flow (Main Program) 



An example of conducting character display on H2570 using the module 
shown in Fig. 14.3 is shown in Fig. 14.4. Execution of the main 
program of Fig. 14,4 results in liquid crystal demonstration display 
as shown in Fig. 14.5. 



^ L CDMN ^ Main Program 

Initialize W register 



LCD^^N 



$ -♦w 



L C PRE S I I [ Call LCDRES and resets LCD-II 



L CD I NT 



S A 



Call LCDINT and initializes LCD-II 



Load leading address of the data table 
in to the accimiulator and B register 



A-L SOUR 



B-*HS OUR 



L S OUR-^'A 



Pattern S2 



Transfer display data in the data table 
by the P instruction to the accumulator 
and B register 



B : A^O 




LCDD S P 



HS OUR — B 



L SOUR-^A 



LCDMN4 



B : A+ 1 -*B : A 



Test whether transferred data is or not. 
If 0, end program 



Call LCDDSP and displays characters on 
H2570 



Increment pointer indicating display 
data in data table 



PEND 



Q E N D ^ 



Fig. 14.4. Example of Program Module Sample Application 
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o 




o 






r-ir-ir-T r-ir"Tr~ir-i r~irn r-ir~ii — ir-nr-ir-ni — i 
|CiMi|0||S|| |iM||C |U|| 1 iHii Mil C II S II 4» II II 1 

1 il II II II II II M II II II l< II II l| II 1 
L IL_JL-J L-JI IL.JL.J L_JL_J L_JL_JL-JL_JL-JL_JL-J 






o 




o 



Fig. 14.5. Example of Liquid Crystal Display 
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14.3 PROGRAM MODULE DESCRIPTION 



Program Module Name: Reset LCD- I I 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label; LCDRES 



Function: Resets LCD-II by instruction. 



Arguments : None 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


X 


w 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications 




1 word = 10 


bits 


ROM (Words) : 


26 


RAM (Digits) : 





Stack (Digits) 





No. of cycles: 


33249 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


No 



Description: 

1. Function Details 

(1) There are no arguments in LCDRES. 

(2) LCD-II is to be reset without fail, even if power source requirements for 
normal operation of the built-in reset circuit are not being met. 

(3) Program module and subroutines are not being used by program module 
LCDRES. 

2. User Notes: LCDRES is to be executed immediately following turning on of 
LCD-II power source. 



Specifications Notes: 
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Program Module Name: Reset LCD-II 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: LCDRES 



Description: 

3. RAM Allocation 

RAM is not used by program module LCDRES. 

4. Sample Application 

LCD-II power source ON 



CALL 



LCDRES 



Call LCDRES 



5. Basic Operation 

(1) LCD-II may, by the process shown in Fig. 14.6, be reset by instruction. 



LCD-II Reset 







After resetting, 
wait a minimum 
15 ms 






Transfer $30 






Wait for 
4.1 ms 


minimum 






Transfer $30 






Wait for 
100 US . 


minimum 






Transfer $30 



Fig. 14.6. Resetting of LCD-II by Software 



(2) Controls RS, R/W and E signals at the I/O port by software and output 
$30. 

(3) By loop processing of software timer which generates a delay time (15 ms) , 
and by program which transfers $30, resetting of LCD-II is achieved as 
shown in Fig. 14.6. 
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Program Module Name: Reset LCD-II 




MCUt HMCS402C/ 

HMCS404C/HMCS408C 




Label: LCDRES 

















Flowchart; 



^LCDRES ^ 



LCDRES 









Load, 2 onto the counter to 


$ 2 


1:5 




process 3 times 




Execute 15 ms software timer 
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Program Module Name; Reset LCD-II 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; LCDRES 



Flowchart; 






Do 









Di 









D2 






1 -* 


D2 






$ 


A 






A -* R4 






$ 3 


A 






A - 


♦ R5 






D2 






B- 1 






^ R T N ^ 



-j^ Set RS signal low 
-j^Set R/W signal low 



-[ 
-[ 



Set E signal low 



Set E signal high 



Output instructions of the function set 



-[ 



Set E signal low 



Decrement counter 



Test if LCD-II reset complete 
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Program Module Name: 

Initialize LCD-II 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label; 



LCDINT 



Function: 



Initializes LCD-II display mode. 



Arguments ; None 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


• 


w 




• 




OA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications 




1 word = 10 


bits 


ROM (Words) : 


18 


RAM (Digits) : 





Stack (Digits) 


: 


No. of cycles: 


180 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


No 



Description: 
1. Function Details 

(1) There are no arguments in LCDINT. 

(2) Data in Table 14.3 is to be transferred to LCD-II and initialized in 
display mode. 



Specifications Notes: 
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Program Module Name: 




MCU; HMCS402C/ 




Label: LCD INT 


Initialize LCD-II 




HMCS404C/HMCS408C 













Description: 



Table 14.3. LCD-II Display Mode Data 



Data 


Function 


$08 


Display OFF 


$01 


All display cleared, DDRAM address set to $00 


$07 


Cursor movement direction to the right and display shifted 


$90 


DDRAM address set to $10 


$18 


Select display shift direction to the left 


$0C 


Display ON 



(3) In program module LCDINT, the subroutine in Table 14.4 is used. 
Table 14.4. Subroutine Used in Program Module LCDINT 

Subroutine Name Label Functions 



Busy check LCDBSY Check the LCD-II busy flag 



2. User Notes 

Resets LCD-II prior to execution of LCDINT. 

3. RAM Allocation 

RAM is not used program module LCDINT. 

4. Sample Applications 



CALL 



LCDRES 



CALL 



LCDINT 



Execute LCDRES and reset 
' LCD-II 

•Call LCDINT 



ORG $ 1 

DC $ 1 C 

DC $ 1 1 8 



■ Secure data table 
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Program Module Name: 




MCU: HMCS402C/ 

HMCS404C/HMCS408C 




Label: LCD INT 


Initialize LCD-II 















Description: 



5. Basic Operation 

(1) Performs busy flag check every time before outputting data. 

(2) Set data shown in Table 14.3 into port R4 and R5, control LCD-II signals 
E, R/W and RS through ports DO, Dl and D2, and initialize LCD-II with 
this data. 

(3) Repeat (1) to (2) 6 consecutive times and initialize. 
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Program Module Name; 

Initialize LCD-II 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label; LCD INT 



Flowchart; 



^ LCD I NT^ 



LCD I NT 





$ 5 


-> Y 






LCDITl 




LCDB S Y 






Y -* A 








$ B 











Do 








Di 








D2 








1 -> D2 








Pattern $ 1 








A R4 








B ^ 


" R 5 








Y A 








-> D2 


Y^O 




Y<0 





Initialize counter 

Execute LCDBSY and check LCD-II 
busy flag 



Load data table address on to 
accumulator and B register 



Set RS signal low 
Set R/W signal low 
Set E signal low ' 
Set E signal high 

Transfer instruction at the data table 
display mode to accumulator and B 
register 



Output display mode instruction 



Set E signal low 



Decrement counter 



^ R T N ^ 
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Program Module Name; 

Display on LCD 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label ; lCDDSP 



Function; Writes ASCII code in DDRAM of LCD-II and displays graphically on 
liquid crystal. 



Arguments : 




1 


digit = 4 bits 


Contents 


Storage No. of 




Loca- Digits 




tion 


Entry Display Upper 


B 1 


data 




(ASCII Lower 


A 1 


code) 




Re- 




turns 







Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


• 


• 



• : Not Affected 
X : Undefined 
I : Result 



Specifications ; 




1 word = 10 


bits 


ROM (Words) : 


13 


RAM (Digits) : 





Stack (Digits) : 





No. of cycles: 


29 


Reentrant: 


No 


Relocatable; 


No 


Interrupt OK?; 


No 



Description; 
1. Function Details 

( 1 ) Argument de tai 1 s 

A: Stores the lower 4 bits of the 

ASCII code of the graphic display. 

B: Stores the upper 4 bits of the 

ASCII code of the graphic display. 



® Entry 

arguments 



EZIEZ] 



(2) Results 



ASCII code 
CC $43) 

Liquid crystal 



Fig. 14.7. Example of LCDDSP 
Execution 



Specifications Notes; 
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Program Module Name: 




MCU; HMCS402C/ 




Label: LCDDSP 


Display on LCD 




HMCS404C/HMCS408C 













Description: 



(2) Fig. 14.7 shows an example of program module LCDDSP. If the entry 
arguments are set in accumulator and B register as in Fig. 14.7- ® , 
ASCII code is written to the current DDRAM address and graphically 
displayed on the liquid crystal. 

(3) In program module LCDDSP, the subroutine shown in Table 14.5 is used. 



Table 14.5. Subroutine Used in Program Module LCDDSP 
Subroutine Name Label Function 

Busy check LCDBSY Checks busy flag of LCD- II 



2. User Notes 



(1) Resets LCD-II. 

(2) Initializes LCD-II display mode. 

(3) Stores entry arguments. 

3. RAM Allocation 

RAM is not used by program module LCDDSP. 

4. Sample Application 



CALL 
CALL 



LA I 
L B I 



CALL 



LCDRES 
LCDINT 



LCDDSP 



• Execute LCDRES and reset LCD-II 

• Execute LCDINT and initialize LCD-II 
display mode 

• Load entry arguments 
•Call LCDDSP 



5. Basic Operation 

(1) Checks LCD-II busy flag. 

(2) Controls signals RS, R/W and E by software through port D and outputs 
display data. 
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Program Module Name; 

Display on LCD 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: LCDDSP 



Flowchart; 



Q LCDDSP^ 



LCDDSP 



A - 


Y 






LCDBS Y 






Y - A 






1 Do 






D, 






D2 






1 -> D2 






A -►R4 






B -♦R 5 






D2 



Save display data due to use of Accumulator 
in subroutine LCDBSY 



Execute LCDBSY and check busy flag 
Restore display data 

To write display data, set RS signal high 
Set R/W signal low 
Set E signal low 
Set E signal high 

Output display data to LCD- I I 

Set E signal low 



^ R T N ^ 
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14.4 SUBROUTINE DESCRIPTION 



Subroutine Name: Busy Check 




MCU: HMCS402C/ 




Label: LCDBSY 






HMCS404C/HMCS408C 
















Function: Checks if LCD- I I is busy and waits for readv state. 





Basic Operation: (1) Since, while LCD-II is in operation, it will not allow 
access from microcomputers, checks must be made on the 
LCD-II busy flag. 



(2) Control of signals RS, R/W and E through port D is 
performed by software together with busy flag check. 



Program Module Using This Subroutine: LCDDSP, LCDINT, LCDRES 



Flowchart : 



^ L C D B S yJ 




Set RS signal low 

Set R/W signal at high to enable reading 
of busy flag 

Set E signal Low. 

Initialize port R5 to entry port 

Set E signal high 



Read busy flag and test busy flag when 
set at highest bit 



Set signal low 

Test if busy flag check complete 



^ R T NJ 
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14.5 PROGRAM LISTING 



ST-NO 


OBJECT 


ADRS 


SOURCE 


STATEMENTS 






00001 


100 




0000 




LLEN 


132 






00002 










TITLE 


LIQUID 


CRYSTAL 


. MODULE <H2570) CONTROL 


00003 








* 










00004 










RAM ALLOCATION **)K>K>K>K*>»<***>»<>K)K>»<***)K*>t<*>K>tc******>K>K)t<>K>K>K)(<>»<** 


00005 


















00006 








LSOUR 


EQU 


$020 




WORK AREA FOR ACCA 


00007 








HSOUR 


EQU 


$021 




WORK AREA FOR 8 REGISTER 


00008 










00009 








* 










00010 












VECTOR ADDRESSES 




00011 








* 








* 


00012 










00013 








* 










00014 










ORG 


$0000 






00015 


















00016 


150 


040 


0000 




JMPL 


LCDMN 




RESET 


00017 


150 


040 


0002 




JMPL 


LCDMN 




INTO 


00018 


150 


040 


0004 




JMPL 


LCDMN 




INTl 


00019 


150 


040 


0006 




JMPL 


LCDMN 




TIMER A 


00020 


150 


040 


0008 




JMPL 


LCDMN 




TIMER 8 


00021 


















00022 










ORG 


$000C 






00023 








>X 










00024 


150 


040 


OOOC 




JMPL 


LCDMN 




SERIAL 


00025 










00026 


















00027 








* 




MAIN PROGRAM ; LCDMN * 


00028 


















00029 










00030 


















00031 










ORG 


$0040 






00032 


















00033 


OFO 




0040 


LCDMN 


LWI 


$0 




INITIALIZE W REGISTER 


00034 


160 


064 


0041 




CALL 


LCDRES 




RESET LCD-II 


00035 


160 


07E 


0043 




CALL 


LCDINT 




INITIALIZE LCD-II 


00036 


230 




0045 




LAI 


$0 




LOAD DATA TABLE STARTING ADDR INTO 


00037 


200 




0046 




LBI 


$0 




LOAD DATA TABLE STARTING ADDR INTO 


00038 


194 


020 


0047 


LCDMNl 


LMAD 


LSOUR 




ACCA — > LSOUR 


00039 


048 




0049 




LAB 








00040 


194 


021 


004A 




LMAD 


HSOUR 




8 REGISTER — > HSOUR 


00041 


190 


020 


004C 




LAMD 


LSOUR 




LSOUR — > ACCA 


00042 


182 




004E 




P 


$2 




MOVE DISPLAY TO ACCA & 8 REGISTER 


00043 


0D8 




004F 




LYA 








00044 


280 




0050 




ALEI 


$0 




TEST IF ACCA=0 


00045 


048 




0051 




LAB 








00046 


354 




0052 




BR 


LCDMN2 




IF 0, BRANCH TO LCDMN2 


00047 


356 




0053 




BR 


LCDMN3 




IF NOT 0. BRANCH TO LCDMN3 


00048 


280 




0054 


LCDMN2 


ALEI 


$0 




TEST IF B REGISTER=0 


00049 


363 




0055 




BR 


PEND 




IF 0, BRANCH TO PEND 


00050 


OAF 




0056 


LCDMN3 


LAY 








00051 


160 


090 


0057 




CALL 


LCDDSP 




DISPLAY FIGURE ON LCD-II 


00052 


190 


021 


0059 




LAMD 


HSOUR 




HSOUR — > B REGISTER 


00053 


0C8 




005B 




LBA 








00054 


190 


020 


005C 




LAMD 


LSOUR 




LSOUR — > ACCA 


00055 


281 




005E 




AI 






ACCA + $1 — > ACCA 


00056 


361 




005F 




BR 


LCDMN4 




BRANCH IF ACCA =$F 


00057 


347 




0060 




BR 


LCDMNl 
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00058 


04C 


0061 


LCDMN4 


IB 




INCREMENT B REGISTER 


00059 


347 


0062 




BR 


LCDMNl 


LOOP UNTIL B REGISTER = $F 


00060 


363 


0063 


PEND 


BR 


PEND 




00061 








00062 












* 


00063 






* 


NAME : 


LCDRES (RESET 


LCD-II) * 


00064 














00065 






>K >k >K >K )K >K >k >k )K >K >k >k >K )K >K )«( )K >K >k )K >K >K >K >«< >K >K 4( >K >k >K )k >K * >K )K >K )k >K >K >K )K >K ^ 


00066 














00067 






* 


ENTRY : 


NOTHING 


* 


00068 






* RETURNS : 


NOTHING 




00069 














00070 






>K )<( >K >K >t( >K )K >K >K >K >K >K >k >k >K >l( >K >K >K >K )K >k >K )k >K >K )k >K )t( )t( )K )k )k >K )4( )k >K )k )k >K >K >K >K 


00071 


202 


0064 


LCDRES 


LBI 


$2 


INITIALIZE LOOP COUNTER 


00072 


239 


0065 


LCDRSl 


LAI 


$9 


EXECUTE 15MS SOFTWARE TIMER 


00073 


21F 


0066 


LCDRS2 


LYI 


$F 




00074 


002 


0067 


LCDRS3 


XSPY 






00075 


21F 


0068 




LYI 


$F 




00076 


000 


0069 


LCDRS4 


NOP 






00077 


000 


006A 




NOP 






00078 


ODF 


0068 




DY 






00079 


369 


006C 




BR 


LCDRS4 




00080 


002 


006D 




XSPY 






00081 


ODF 


006E 




DY 






00082 


367 


006F 




BR 


LCDRS3 




00083 


28F 


0070 




AI 


$F 




00084 


366 


0071 




BR 


LCDRS2 




00085 


260 


0072 




REDD 


SO 


RS=0 


00086 


261 


0073 




REDD 


$1 


R/W=0 


00087 


262 


0074 




REDD 


$2 


E=0 


00088 


2E2 


0075 




SEDD 


$2 


E=l 


00089 


230 


0076 




LAI 


$0 




00090 


204 


0077 




LRA 


$4 


WRITE INSTRUCTION DATA 


00091 


233 


0078 




LAI 


$3 




00092 


205 


0079 




LRA 


$5 


WRITE INSTRUCTION DATA 


00093 


262 


007A 




REDD 


$2 


SET E=0 


00094 


OCF 


0078 




DB 




DECREMENT LOOP COUNTER 


00095 


365 


007C 




BR 


LCDRSl 


LOOP UNTIL LOOP COUNTER»0 


00096 


010 


007D 




RTN 






00097 






)K )K )K >K >k >K >k )K >K )k >K )k >k >K >K >k >«( >K >k )K >t( )K >t( >K >k )k )*( >K >K >k )k >k >k )K )K )k )t( )K )K )K )K « 


00098 














00099 






* 


NAME : 


LCDINT (INITIALIZE LCD-II) * 


00100 














00101 








00102 














00103 








ENTRY : 


NOTHING 


* 


00104 






* RETURNS : 


NOTHING 




00105 






* 








00106 






>K >K )k )K >K >k )k >k )K )k >K )K >K )K >K >K )K ><( >t< >K )t( >K )K >K >K >k >K >K >K )•< >K H( )K )K )i< >K >K >k >K )(( )k >K >K )|< >k ^ 


00107 


215 


007E 


LCDINT 


LYI 


$5 


INITIALIZE LOOP COUNTER 


00108 


160 090 


007F 


LCDITl 


CALL 


LCDBSY 


CHECK LCD-II BUSY FLAG 


00109 


OAF 


0081 




LAY 




LOAD DATA TABLE ADDRESS INTO ACCA 


00110 


200 


0082 




LBI 


$0 


LOAD DATA TABLE ADDRESS INTO B REG 


00111 


260 


0083 




REDD 


$0 


RS=0 


00112 


261 


0084 




REDD 


$1 


R/W=0 


00113 


262 


0085 




REDD 


$2 


E=0 


00114 


2E2 


0086 




SEDD 


$2 


E=l 
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00115 


IBl 


0087 


P 


$1 


MOVE INSTRUCTION TO ACCA & 8 REG 


00116 


2D4 


0088 


LRA 


$4 


OUTPUT INSTRUCTION 


00117 


048 


0089 


LAB 






00118 


2D5 


008A 


LRA 


$5 




00119 


OAF 


0088 


LAY 






00120 


262 


008C 


REDD 


$2 


E=0 


00121 


ODF 


008D 


DY 




DECREMENT LOOP COUNTER 


00122 


37F 


008E 


BR 


LCDITl 


LOOP UNTIL LOOP CGUNTER=0 


00123 


010 


008F 


RTN 






00124 








00125 






* 






00126 






* NAME : 


LCDDSP (DISPLAY 


ON LCD-II) * 


00127 






* 




3k 


00128 






)K >|( « >K )K )k >K )K )k >K « » 3«< >K )|< >k )k >|c « >K >K >K >K >K >k >K >K >k >k )K >k )K >K >K >K )t( >K )K « >K )k )t( >K * 


00129 






4c 




3k 


00130 






* ENTRY : 


B REGISTER, ACCUMULATOR (DISPLAY DATA) 3k 


00131 






* RETURNS : 


-NOTHING 


3k 


00132 










3k 


00133 






M( )K >K )K >K >K )K )K )k )K >K >k >k >K « >K >k « >K >K >k « >K >k >k >K >k « )K )*( 3K )K )«< >k )<( >k 3k >K « >k )K « >K >K « « 


00134 


008 


0090 


LCDDSP LYA 




SAVE ACCA 


00135 


160 09D 


0091 


CALL 


LCDBSY 


CHECK BUSY FLAG 


00136 


OAF 


0093 


LAY 




RESTORE ACCA 


00137 


2E0 


0094 


SEDD 


$0 


RS=1 


00138 


261 


0095 


REDD 


$1 


R/W=0 


00139 


262 


0096 


REDD 


$2 


E=0 


00140 


2E2 


0097 


SEDD 


$2 


E=l 


00141 


2D4 


0098 


LRA 


$4 


OUTPUT DISPLAY DATA 


00142 


048 


0099 


LAB 






00143 


2D5 


009A 


LRA 


$5 




00144 


262 


0098 


REDD 


$2 


E=0 


00145 


010 


009C 


RTN 






00146 






)K >k >k >k >K « )k >K }K >K 3k )K >K )k )K )K )K >K >K )K )k }k )k >K >K )k )k >K )K >K )K )k >k >k 3k )k >K )k >k )k 4( )K >K >K >k 4^ 


00147 










3k 


00148 






* NAME 


: LCDBSY (CHECK 


BUSY FLAG) * 


00149 






3k 




3k 


00150 








00151 


260 


0090 


LCDBSY REDD 


$0 


RS=0 


00152 


2E1 


009E 


SEDD 


$1 


R/W»l 


00153 


262 


009F 


REDD 


$2 


E=0 


00154 


23F 


OOAO 


LCOBYl LAI 


$F 


SELECT R PORT AS INPUT 


00155 


2D5 


OOAl 


LRA 


$5 




00156 


2E2 


00A2 


SEDD 


$2 


E=l 


00157 


255 


00A3 


LAR 


$5 


READ BUSY FLAG 


00158 


OAl 


00A4 


RQTL 






00159 


06F 


00A5 


TC 




TEST CARRY 


00160 


262 


00A6 


REDD 


$2 


E=0 


00161 


3A0 


00A7 


BR 


LCDBYl 


LOOP UNTIL BUSY FLA6=0 


00162 


010 


00A8 


RTN 






00163 








00164 






3k 




>k 


00165 






* DATA 


TABLE 


3k 


00166 










3k 


00167 








00168 






3k 






00169 






ORG 


$0100 




00170 






3k 






00171 


IOC 


0100 


$00 DC 


$10C 
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00172 


118 


mm 

UlUi 


*m 

>I>U 1 


DC 


>p1 lo 




191 


0102 


$02 


DC 


$191 


00174 


1 n7 


m 




DC 


$107 


00175 


1 m 

lUi 


0104 




DC 


$101 


00176 


108 


m nc 

UiU3 


*U3 


DC 


$108 


00177 






* 






00178 








ORG 


$0200 


00179 






* 






00180 


143 


uzuu 




_ 

DC 


$143 


UUXOl 


If u 


0201 


$01 


DC 


$14D 


00182 


14F 








$14F 




1 


0203 


*Uj 


DC 


$153 


00184 


1 70 

i zu 








>p1zU 


001 85 


140 




*nc 


UL 


$14D 


001 86 


143 


0206 




DC 


$ 1 43 


UUi O r 




0207 


*n7 

*U f 


DC 


$155 


nm cm 


izu 


0208 


$08 


DC 


$120 


00189 


148 


0209 


$09 


DC 


$148 


00190 


14D 


020A 


$0A 


DC 


$14D 


00191 


143 


020B 


$08 


DC 


$143 


00192 


153 


020C 


$0C 


DC 


$153 


00193 


134 


020D 


$0D 


DC 


$134 


00194 


130 


020E 


$0E 


DC 


$130 


00195 


130 


020F 


$0F 


DC 


$130 


00196 


100 


0210 


$10 


DC 


$100 


00197 












00198 








END 
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SECTION 15. LOW POWER DISSIPATION MODE AND WATCHING TIMER EXECUTION 
USING THE HA1835A 

15.1 HARDWARE DESCRIPTION 

15.1.1 Function 

Enters low power dissipation mode of the HMCS404C MCU and executes 
fail safe mode with the HA1835P watchdog timer. 

15.1.2 Microcomputer Operation 

Enters stop mode and standby mode and turns on LED indicating 
current mode, and counts down binary counter every second to display 
mode elapsed time on a set of LEDs; stop mode is released by reset 
input and standby mode by timer interrupt. Controls and outputs 
pulses to the HA1835P through port Ds- 

15.1.3 Peripheral Devices 

SW3: Sets stop mode in low power dissipation mode. 
SW2: Sets standby mode in low power dissipation mode. 
SW4: Stops output of pulses to the HA1835P in fail safe mode and 
executes system run away. 



310 HITACHI 



15.1.4 Circuit Diagram 



MC u 

HMC S 4 4 c 
/HMCS402C\ 
VHMCS408C>' 



100kS^< 



-1S2076 

HD74HC14 



r ^ 

SW6\ o ^ 10yF=^ 



+ 5V 

HD7406 LEDl 6200 



lOAF 
EZ 

fh 11 



10 6 



CS VccVcoNrVout 
HA1885P 
Rj_CjrjGNDRgCg_ 



4l 5| 7 112 



0.01 /<F VlOkQ 




^SW2 



7^ SW4 



Fig. 15.1. Low Power Dissipation Mode and HA1835P Control 
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15.1.5 Pin Functions 



HMCS404C pin functions, switches, LED names and HA1835P pin functions 





are shown 


in Table 


15.1. 






Table 15.1. Pin Functions 




Pin Name 
HMCS404C 


Input/ 
Output 


Active 
Level 
(High 
or Low) 


Function 


Pin Name 
SW. LED 
HA1835P 


Do 


Input 


High 


controls haioJdf 


SWl 






Speci- 
fies 
Low 


Low power dissipation mode 




Dl 


Input 


High 




SW2 


D2 


Input 


High 


Stop mode 


SW3 


D3 


Input 


High 


Controls pulses for HA1835P 


SW4 


D4 


On +-1^11+- 
v-'U L.|JU. L. 


H-i rrVi 

xixgxi 


Drives LED indicating watchdog timer 
mode control 


LED 9 


D5 


uutput 


High 


Drives LED indicating reset of 
watchdog timer mode 


LEDIO 


D6 


Output 


Low 


Drives LED during standby mode 
execution 


LEDll 


D7 


Output 


Low 


Drives LED during stop mode execution 


LED12 


D8 


Output 




Controls duty pulse for HA1835P 
CLK pin 


CLK 


ROO 


Output 


High 


Indicates standby mode execution time. 


LEDl 


ROl 


Output 


High 


Drive LEDs indicating 8 bits binary 


LED2 


R02 




Ht rrVt 

xixyn 


counter 


LED 3 


R03 


Output 


High 




LED4 


RlO 


Output 


High 




LEDS 


Rll 


Output 


High 




LED 6 


R12 


Output 


High 




LED7 


R13 


Output 


High 




LEDS 


RESET 


Input 


Low 


Controls HA1835P 


SW5 






High 


Low power dissipation mode 




RESET 


Input 


High 


Resets from stop mode. 
Resets from HA1835P control 


SW6 
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15.1.6 Hardware Operation 

1. Low power dissipation 
(a) Standby mode 

Timing chart in standby mode is shown in Fig. 15.2. 



Standby mode 
SW input 

Standby mode 



Tl T2 Tl T2 Tl T2 T2 Tl 



Program execution 

Tl: Standby mode 

T2: Program execution 



Standby instruction, 
execution timing 



Timer interrupt 
timing 



Fig. 15.2. Timing Chart in Standby Mode 

(b) Stop mode 

Timing chart in stop mode is shown in Fig. 15.3. 



Stop mode 



Oscillator 



Internal clock _n_n__r 

RESET 




i_ji_jL_n_Ji_n_ 



Stop instruction 
execution 



tre. 

More than stabilization time: t^c 



Fig. 15.3. Timing Chart in Stop Mode 
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2. HA1835P control 

Timing chart of pulse output and reset pin for watchdog timer 
is shown in Fig. 15.4. 



HA1835P pin 



System run away 



CLI 
RESET 



nm 



130 ms 



Watchdog timer 
Error output 
switch 



Automatic reset signal 

— Jh 



Fig. 15.4. Timing Chart of Pulse Output 
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15.2 SOFTWARE DESCRIPTION 

15.2,1 Program Module Configuration 

Program module configuration for switch board controlling of the 
HA1835P and low power dissipation mode is shown in Fig. 15.5. 



LWPMN 



Main 
Program 



LWPMOD 



LWPWCH 



Low Power 
Dissipation 



Control 
HA1835P 



Fig. 15.5. Program Module Configuration 

15.2.2 Program Module Functions 

Program module functions are summarized in Table 15.2. 

Table 15.2. Program Module Functions 



No. 


Program Module Name 


Label 


Function 





Main Program 


LWPMN 


Demonstrates low power dissipation and 
HA1835P control 


1 


Low Power 
Dissipation 


LWPMOD 


Tests operation of low power dissipa- 
tion mode 


2 


Control HA1835P 


LWPWCH 


Tests operation of watchdog timer 
using HA1835P 
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15.2.3 Program Module Process Flow (Main Program) 

The flowchart in Fig. 15.6. is an example of low power dissipation 
and HA1835P control performed by the program module in Fig. 15.6. 



^ lwpmtT^ 



LWPMN 



$ -►w 



-> TMA 



-> IMTA 



1 -+ I E 



LWPMN 1 



Test Do 



Do= 1 



LWPMN 2 



LWPMOD 



LWPWCH 



(Note) 



(Note) 



Main Program 
Initialize W register 



Select prescaler divide ratio as 
V 2048 



Clear interrupt mask 




Enable interrupt 



Test if low power dissipation mode 
operation or HA1835P control 



Test operation of low power dissipation 
mode 



Test operation of matchdog timer 
using HA1835P 

(Note) Actually loops within the 
module 



^LWPCNT^ 



LWPCNT 



LED counter 



^ RTN I ^ 



Timer A interrupt routine 



Count up at every 1 sec. interrupt 



Fig. 15.6. Program Module Sample Application 
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15.3 PROGRAM MODULE DESCRIPTION 



Program Module Name; 




MCU; HMCS402C/ 




Label: LWPMOD 


Low Power Dissipation 




HMCS404C/HMCS408C 













Function; Tests operation of low power dissipation mode. 



Arguments : NONE 



Changes in CPU 
Registers and Flags; 



A 


B 


X 


• 


X 


Y 


• 


• 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


X 


X 



Not Affected 

Undefined 

Result 



Specifications ; 




1 word = 10 


bits 


ROM (Words) : 


34 


RAM (Digits) : 


7 


Stack (Digits) : 


4 


No. of cycles; 


23 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


Yes 



Description; 

1. Function Details 

(1) LWPMCD has no arguments. 

(2) Executes standby mode, stop mode by switch control. Turns on LED 
indicating execution of standby mode. 

2. User Notes 

(1) Executes only one mode at a time. 

(2) Selects only one mode switch. 



Specifications Notes: "No. of cycles" in "Specification" represents the number of 

cycles required when data is not stored in SBRAM(RAM) and 
each mode is not executed. 
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Program Module Name: 




MCU ; HMCS402C/ 

HMCS404C/HMCS408C 




Label: LWPMOD 


Low Power Dissipation 















Description: 

(3) Initializes timer. 
3. RAM Allocation 





F 


\ 

-E 


D 1 C 1 B 


A| 


"■"1 \ T 1 1 \ 1 1 1 

Ji8l7!6l5i4.'3i2il[0 
1 1 1 1 1 1 1 1 1 


2 






' J _i L I _ 1 _ ' _I _ _1 i. 


3 


//// 


W/< 




r 


— [______[___!___ 


4 






1 {" , 


> 


1 1 1 i 1 1 1 1 1 


5 






— i — \— 


[ 


1 ! 1 1 1 ! 1 1 1 


6 






-1--- 1 




— I— ,L i L _{ 1 L^J-^ — 



Fig. 15.7. RAM Allocation 
Label RAM Description 



Stores data indicating whether 
operation starts after activating 
power on or returns from stop mode 



Uses upper and lower counter for 
counting uj) every 1 sec . 



ERRAM 1 



ERRAM2 




MD ( $ 3 E ) 



CNTRL 



CNTRH 



b3 bO 



MD( $03C) 
b3 bO 



MD ( $ 3 B ) 
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Program Module Name: 

Low Power Dissipation 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: 



LWPMOD 



Description: 

4. Sample Application 

LA I 
LMAD 
REMD 
S EMD 



$ 

$ 8 

3, $ 1 

, $ 



CALL 



LWPMOD 



Store prescaler divide ratio 
as T 2048 

Clear interrupt mask flag 

Enable interrupt 

Call LWPMOD 



5. Basic Operation 

(1) Enters stop mode by setting signal stop mode switch to high, returns 
with stop mode switch set to low and with RESET switch to on. 
Software checks whether operation starts after activating power on or 
returns from standby mode. 

When operation returns from stop mode, turns on LED; if not, stores 
comparison data in ERRAM(RAM). 

(2) Enters standby mode by setting signal standby mode switch to high, 
returns with standby mode switch set to low. 

Returns at every timer interrupt and executes interrupt routine. 
When standby mode switch is low, enters standby mode after interrupt. 
Whether or not operation is returned at every timer interruption can be 
confirmed by LED counter incremented after return. When setting standby 
mode switch to high, turns on LED indicating standby mode and executes 
standby instruction. When low, returns from standby mode and turns off 
LED indicating standby mode. 
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Program Module Name: 




MCU; HMCS402C/ 




Label: LWPMOD 


Low Power Dissipation 




HMCS404C/HMCS408C 













Flowchart: 



^LWPMOD^ 



LWPMDl 




ERRAM2 



$C= 
ERRAM2 



1 D7 



$ 5->EI 


IRAMl 






SC-^ERRAMZ 



LWPMD2 



D2= 1 



Test D2 



LWPMD3 




BR 

D2 = 



STOP 
1 



Stop mode is cancelled 
by resetting the MCU 



6 



Test whether operating starts 
after activating power or returns 
from stop mode 



Turn on LED indicating return 
from stop mode 



Store check data to test if returns 
is caused by stop mode 



Test whether operating enters 
stop mode 



Enter stop mode 
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Program Module Name: 

Low Power Dissipation 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: LWPMOD 



Flowchart: 



LWPMD4 



Test Di 



Dt=l 



BR 



CNTRL-»A 






A -+ 


R 






CNTRH-^A 






A 


R 1 



Test whether operating the standby mode 



Store lower digit data indicating LED 
counter in port RO and light LED 



Store upper digit data indicating LED 
counter in port Ri and light LED 



LWPMD5 










Turn off LED indicating stop mode 










1 -► 


De 




Turn on LED indicating standby mode 










S B Y 




Enter standby mode 













Do 




Turn off LED indicating standby mode 


rk 
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Program Module Name ; 

Control HA1835P 



MCU : HMCS402C/ 

HMCS404C/HMCS408C 



Label: LWPWCH 



Function: Tests watchdog timer operation using HA1835P. 



Arguments : NONE 



Changes in CPU 
Registers and Flags; 



A 


B 


• 


X 


X 


Y 


• 


X 


SPX 


SPY 


• 


• 


w 




• 




CA 


ST 


X 


X 



• : Not Affected 
X : Undefined 
I : Result 



Specifications : 




1 word = 10 


bits 


ROM (Words) : 


35 


RAM (Digits) : 


3 


Stack (Digits) : 


4 


No. of cycles: 


27 


Reentrant: 


No 


Relocatable: 


No 


Interrupt OK?: 


Yes 



Description: 
1. Function Details 

(1) LWPWCH has no arguments. 

(2) Controls HA1835P under switch 
control . 

(a) When switch 4 is OFF, outputs 
pulses from port Dg. 



Output pulse 
from port Dg 



ON 



Switch 4 



OFF • 



(b) When switch 4 is ON, stops 

outputting pulses causing system 
MCU run away. 



Fig. 15.8. Example of LWPWCH 
execution 



Specifications Notes: "No. of cycles" in "Specifications" represents the number of 
cycles required when data is stored in ERRAM(RAM) and an 
pulse generation is selected by switch. 
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Program Module Name: 




MCU; HMCS402C/ 




Label: LWPWCH 


Control HA1835P 




HMCS404C/HMCS408C 













Description: 
2. User Notes 



Call LWPWCH after clearing RAM. 
3. RAM Allocation 





F 1 E 


r -T — r - ■ 

D 1 C 1 B 


A 


9 


8 


7 


6 


5 


4 


1 1 

3 


1 1 

2 


1 j 


2 




1 1 


















- 


■"" ' I 

L L 


3 




d \ 




___ 






J 


L 




--- 




! 


4> 








-\— 


u 


L _j 


J 


L 








r 


L_ 


_[ 


5 












J 


L 




L 








L 


i- 


6 






^ 1 








__ 









__J 





1 

=^ — ^ 



Label 



ERRAMl 



ERR AM 2 



D 8 FLAG 



Fig. 15.9. RAM Allocation 
RAM Description 



bS 



bO 



MD( $03F) 
bS bO 



MD( $0 3E) 
b3 bO 



Store check data indicating whether 
operation starts after activating 
power on or returns from watchdog 
timer error 



m 



Set status of port D8 



MD ( $ , $ 3 D ) 
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Program Module Name; 

Control HA1835P 



MCU ; HMCS402C/ 

HMCS404C/HMCS408C 



Label: LWPWCH 



Description: 
4. Sample Application 



CALL LWPWCH 



• Call LWPWCH 



5. Basic Operation 

(1) Turns on LED indicating watchdog timer mode, after main switch is 
activated. 

(2) When watchdog error switch is turned off, outputs pulse by 1 ms software 
timer. When turned on, stops pulse output and enter eternity loop. 

(3) When turning off watchdog timer error switch, re-calls program after , 
reset. If data in ERRAM(RAM) and decision data are the same, turns on 
LED indicating reset by watchdog timer error. 

(4) Stores check data if it is not stored in ERRAM(RAM). 
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Program Module Name: 




MCU; HMCS402C/ 




Label : LWPWCH 


Control HA1835P 




HMCS404C/HMCS408C 













Flowchart; 



^ LWPWCH ^ 



LWPWCH 






1 D4 










$C=ERRAM1 



LWPWHl 




Turn on LED indicating watchdog 
timer mode 



Test if reset is performed by main 
switch activation or by watchdog 
timer according to contents of RAM 



Store check data in RAM to test 
resetting from watchdog timer error 



LWPWH2 



1 


D5 








2 




Test D3 



-[ 



Turn on LED indicating reset after 
watchdog timer error 




Test whether watchdog timer error 
switch is on. 

If ON, pulse output cannot be performed 
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Program Module Name: 

Control HA1835P 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label; LWPWCH 



Flowchart; 



$ F -> Y 



LWPWH3 



Bt^O 




- Execute 1 ms software timer 



D8FLAG=1 



LWPWH5 



Test port Dq status 



1 -> Ds 






1 -►D 8 


FLAG 






Da 






O-^DSFLAG 







Output 1 ms pulse to HA1835P 
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15.4 SUBROUTINE DESCRIPTION 



Subroutine Name: LED Counter 



MCU: HMCS402C/ 

HMCS404C/HMCS408C 



Label: LWPCNT 



Function: 



Increments LED counter. 



Basic Operation: (1) This subroutine is called for each 1 sec. timer interrupt. 
(2) Increments 1 byte counter each second. 



Program Module Using This Subroutine: None 



Flowchart : 



^LWP CNT^ 



LWPCNT 



0->I FTA 






A<-^MR ( $ F ) 






1 


C A 






$ 


-> A 






COTRL+A+CA-^A 






A-»CNTRL 






$ 


-> A 






CNTRHfA-fCA-^A 






A-^CNTRH 






M R ( $ F ) ^A 






^ RTNI ^ 



Clear interrupt request flag 



Save Accumulator 



Increment lower digits 



Add upper digits considering CA generated 
by addition of lower digits 



Restore Accumulator 
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15.5 PROGRAM LISTING 



ST-NO 

00001 
00002 
00005 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 



00034 
00035 
00036 
00037 
00038 
00039 



00053 
00054 
00055 
00056 
00057 



OBJECT 
100 



ADRS 
0000 



SOURCE STATEMENTS 





LLEN 


132 






TITLE 


LOW POWER 


DISSIPATION MODE AND HA1835P CONTROL 


**** 


RAM ALLOCATION >l<>K>K*************)K**>K>K*>K>l<**>K****)K*>t<>K**>K*>K 


ERRAMl 


EQU 


$3F 


WATCHDOG DATA RAM AREA 


ERRAM2 


EOU 


$3E 




D8FLA6 


EQU 


$0,$03D 


D8 PORT FLAG 


CNTRL 


EOU 


$3C 


LOWER IS COUNTER 


CNTRH 


EOU 


$3B 


UPPER IS COUNTER 




SYMBOL 


DEFINITIONS 




* 

TMA 


EQU 


$008 


TIMER MODE REGISTER A 


IFTA 


EQU 




IF ur 1 xntn M 


IMTA 


iou 


3 '.$001 


IM OF TIMER A 


IE 


EOU 


o.$ooo 


ENABLE INTERRUPT 



* VECTOR ADDRESSES * 



00024 








ORG 


$0000 




00025 














00026 


150 


100 


0000 


JMPL 


LWPMN 


RESET 


00027 


150 


100 


0002 


JMPL 


LWPMN 


INTO 


00028 


150 


100 


0004 


JMPL 


LWPMN 


INTl 


00029 


150 


158 


0006 


JMPL 


LWPCNT 


TIMER-A 


00030 


150 


100 


0008 


JMPL 


LWPMN 


TIMER-B 


00031 


000 




OOOA 


NOP 






00032 


000 




OOOB 


NOP 






00033 


150 


100 


OOOC 


JMPL 


LWPMN 


SERIAL 



)K >K >K >K >K >K >K >K >K >K )K >K >K )K >K )l< >k >K >k >fc >K >K )t( )k >K )tc >t( >K )K >K >K >K >K >K >K >l< )K >K >K >K >t< >K ^ 

* MAIN PROGRAM : LWPMN * 



00040 










ORG 


$0100 




00041 
















00042 


OFO 




0100 


LWPMN 


LWI 


$0 


INITIALIZE. W REGISTER 


00043 


lAO 


008 


0101 




LMID 


O.TMA 


SELECT PRESCALER AS 1/2048 


00044 


18A 


001 


0103 




REMD 


IFTA 


INITIALIZE IFTA 


00045 


18B 


001 


0105 




REMD 


IMTA 


INITIALIZE IMTA 


00046 


184 


000 


0107 




SEMD 


IE 


ENABLE INTERRUPTS 


00047 


2A0 




0109 


LWPMNl 


TDD 


$0 


TEST IF LOW POWER DISIIPATION 


00048 


30F 




OlOA 




BR 


LWPMN2 




00049 


160 


137 


OlOS 




CALL 


LWPMOD 


EXECUTE LOW POWER MODE 


00050 


150 


109 


OlOD 




JMPL 


LWPMNl 




00051 


160 


113 


OlOF 


LWPMN2 


CALL 


LWPWCH 


EXECUTE HA1835P MODE 


00052 


150 


109 


0111 




JMPL 


LWPMNl 





* NAME : LWPWCH (CONTROL HA1835P) * 
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00058 








* 




* 


00059 








^ ENTRY : 


NOTHING 




00060 








* RETURNS : 


NOTHING 




00061 








* 




* 


00062 










00063 


2E4 




0113 


LWPWCH SEDD 


$4 


TURN ON LED FOR WATCH DOG 


00064 


12C 


03F 


0114 


INEMD 


SC.ERRAMl 


POWER ON RESET OR WATCH DOG RESET? 


00065 


31C 




0116 


BR 


LWPWHl 




00066 


125 


03E 


0117 


INEMD 


$5.ERRAM2 




00067 


31C 




0119 


BR 


LWPWHl 




00068 


2E5 




OllA 


SEDD 


$5 


TURN ON LED FOR WATCH DOG TIMER RESET 


00069 


322 




0118 


BR 


LWPWH2 




00070 


lAC 


03F 


one 


LWPWHl LMID 


$C, ERR AMI 


LOAD DATA FOR POWER ON RESET 


00071 


1A5 


03E 


OllE 


LMID 


$5.ERRAM2 




00072 


2E5 




0120 


SEDD 


$5 




00073 


264 




0121 


REDD 


$4 




00074 


2A3 




0122 


LWPWH2 TDD 


$3 




00075 


322 




0123 


BR 


LWPWH2 


TEST IF WATCH DOG TIMER ERR OR SWITCH 


00076 


265 




0124 


REDD 


$5 




00077 


21F 




0125 


LYI 


$F 


EXECUTE IMS SOFTWARE TIMER 


00078 


20F 




0126 


LWPWH3 LBI 


$F 




00079 


OCF 




0127 


LWPWH4 DB 






00080 


327 




0128 


BR 


LWPWH4 




00081 


OOP 




0129 


DY 






00082 


326 




012A 


BR 


LWPWH3 




00083 


18C 


03D 


012B 


TMD 


D8FLAG 


READ D8 PORT CONDITION 


00084 


332 




012D 


BR 


LWPWH5 




00085 


2E8 




012E 


SEDD 


$8 


OUTPUT PULSE TO HA1835P EVERY IMS 


00086 


184 


030 


012F 


SEMD 


D8FLA6 




00087 


335 




0131 


BR 


LWPWH6 




00088 


268 




0132 


LWPWH5 REDD 


$8 




00089 


188 


03D 


0133 


REMD 


D8FLAG 




00090 


150 


122 


0135 


LWPUH6 JMPL 


LWPWH2 




00091 










00092 








* 




* 


00093 








* NAME : 


LWPMOD (LOW POWER DISSIPATION) * 


00094 












* 


00095 








>K >|( >t( >K >K >K )K >k >K >(( )K )K )K >K >K )t( >K >K >k )K >K )K >K >K >K )K )K ><< >K )K )|( )K >K >K )K )K >K >K >K >K >K >K >K >K >K 


00096 














00097 








^ ENTRY : 


NOTHING 


* 


00098 








* RETURNS : 


NOTHING 


* 


00099 








* 




* 


00100 










00101 


264 




0137 


LWPMOD REDD 


$4 




00102 


125 


03F 


0138 


INEMD 


$5.ERRAM1 


POWER ON RESET OR STOP MODE RESET? 


00103 


340 




013A 


BR 


LWPMDl 




00104 


12C 


03E 


013B 


INEMD 


$C,ERRAM2 




00105 


340 




0130 


BR 


LWPMDl 




00106 


2E7 




013E 


SEDD 


$7 


TURN ON LED FOR STOP MODE RESET 


00107 


344 




01 3F 


BR 


LWPMD2 




00108 


1A5 


03F 


0140 


LWPMDl LMID 


$5.ERRAM1 


LOAD DATA FOR STOP MODE RESET 


00109 


lAC 


03E 


0142 


LMID 


$C,ERRAM2 




00110 


2A2 




0144 


LWPMD2 TDD 


$2 


TEST IF STOP MODE EXECUTION 


00111 


347 




0145 


BR 


LWPMD3 




00112 


348 




0146 


BR 


LWPMD4 




00113 


140 




0147 


LWPMD3 STOP 






00114 


2A1 




0148 


LWPMD4 TDD 


$1 


TEST IF STANDBY MODE EXECUTION 
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00115 


352 




0149 


BR 


LWPMD5 




00116 


190 


03C 


014A 


LAMD 


CNTRL 


TURN ON LED 


00117 


200 




014C 


LRA 


$0 




00118 


190 


038 


014D 


LAMD 


CNTRH 




00119 


2D1 




014F 


LRA 


$1 




00120 


150 


144 


0150 


JMPL 


LWPMD2 




00121 


267 




0152 


LWPMD5 REDD 


$7 


TURN OFF LED FOR STOP MODE 


00122 


2E6 




0153 


SEDD 


$6 


TURN OFF LED FOR STAND BY MODE 


00123 


14C 




0154 


S8Y 




EXECUTE STANDBY MODE 


00124 


266 




0155 


REDD 


$6 


TURN OFF LED FOR STAND BY MODE 


00125 


150 


148 


0156 


JMPL 


LWPMD4 




00126 










00127 








* 




* 


00128 








* NAME : 


LWPCNT (INCREMENT COUNTER) * 


00129 














00130 










00131 


18A 


001 


0158 


LWPCNT REMD 


IFTA 


CLEAR INTERRUPT REQUEST FLAG 


00132 


2FF 




015A 


XMRA 


$F 


SAVE ACCA 


00133 


OEF 




0158 


SEC 




INCREMENT LSD OF COUNTER 


001^4 


230 




01 5C 


LAI 


$0 




00135 


118 


03C 


015D 


AMCD 


CNTRL 




00136 


194 


03C 


015F 


LMAD 


CNTRL 




00137 


230 




0161 


LAI 


$0 


INCREMENT MSD OF COUNTER 


00138 


118 


038 


0162 


AMCD 


CNTRH 




00139 


194 


038 


0164 


LMAD 


CNTRH 




00140 


2FF 




0166 


XMRA 


$F 


RESTORE ACCA 


00141 


Oil 




0167 


RTNI 






00142 








* 






00143 








END 
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INSTRUCTION SET 



I 



Symbols and Abbreviations 



a b Transfer from "a" to "b" 

a^h Exchange between "a" and "b" 

X Logical negation (NOT) 

"1" "High" level 

"0" "Low" level 

LSB Least Significant Bit 

MSB Most Significant Bit 

NZ None Zero 

NB No Borrow f- Status is set when NZ, NB, or OVF occurs 

OVF Overflow 

n AND 

U OR 

© Exclusive OR 

7^ Not Equal 

<^ Less than or Equal 

DIRECT Addressing by the instruction operand in the ROM code 

REGISTER Addressing by the contents of Address Register 

I/E Interrupt enable flag 

PC Program counter 

SP Stack pointer 

ST Status flag 

CA Carry flag 

A Accumulator 

B B register 

W W register 

X X register 

SPX SPX register 

Y Y register 

SPY SPY register 

M Memory (RAM) 

MR Memory register 

R Data I/O pin or data register 

D Discrete I/O pin or discrete latch 
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Symbolic Operands Used with Instruction Set Mnemonics 



Dy UlDOx 


Contents 


Label 


u 




15 


n 


RAM digit selection by 2 bits 


o 


o 


o 


o 


m 


RAM (Mr) digit and port selection 
by 4 bits 


o 


o 


o 


o 


p 


Replacement of contents of PC 
by 4 bits 


o 


o 


o 


o 


a 


Replacement of contents of PC 
by 6 bits 


o 


X 


o 


o 


b 


Replacement of contents of PC 
uy o Dies 


o 


X 


o 


o 


Q 


Replacement of PC or RAM direct 
address by 10 bits 


o 


X 


o 


o 


i 


Immediate data by 4 bits (Note) 


o 


o 


o 


o 


u 


u = p + d (14 bits) 


o 


X 


o 


o 



D: Decimal HD: Hexadecimal B: Binary 

O • • • • Can be used x .... Cannot be used 

(Note) In case of LWI instruction, 2 bits. 
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Immediate Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 

-€ycle 


Load A from Immediate 


LAI i 


1 1 1 i3 i2 ii io 


i »A 




1/1 


Load B from Immediate 


LBI i 


1 ia i2 ii io 


i ►B 




1/1 


Load Memory from Immediate 


LMID i,d 


1 1 1 ia i2 ii io 
dg ds d? de ds d4 da d2 di do 


i .M 




2/2 


Load Memory from Immediate, Increment Y 


LMIIY i 


1 1 1 is i2 ii io 


i-*M,Y+1^Y 


N^ 


1/1 



Register-to-Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 
'^CLE 


Load A from B 


LAB 


0001001000 


B-A 




1/1 


Load B from A 


LBA 


1 1 1 


A-B 




1/1 


Load A from Y 


LAY 


10 10 1111 


Y-A 




1/1 


Load A from SPX 


LASPX 


1 1 1 


SPX-*A 




1/1 


Load A from SPY 


LASPY 


1 1 1 


SPY-^A 




1/1 


Load A from MR 


LAMR m 


10 1 1 1 m3m2mimo 


MR{m)-A 




1/1 


Exchange MR and A 


XMRA m 


10 1111 m3m2mimo 


MR(mHA 




1/1 



RAM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 
-^YCLE 


Load W from Immediate 


LWI i 


1 1 1 1 i, io 


i ►W 




1/1 


Load X from Immediate 


LXI i 


1 1 is i2 ii io 


i ►X 




1/1 


Load Y from Immediate 


LYI i 


1 1 ia i2 ii io 


i ►Y 




1/1 


Load X from A 


LXA 


00 1 1 10 1000 


A ►X 




1/1 


Load Y from A 


LYA 


00 1 10 1 1 000 


A ►Y 




1/1 


Increment Y 


lY 


000 10 1 1 100 


Y+1-Y 


NZ 


1/1 


Decrement Y 


DY 


0011011111 


Y-1-»Y 


NB 


1/1 


Add A to Y 


AYY 


0001010100 


Y + A-^Y 


, OVF 


1/1 


Subtract A from Y 


SYY 


00 1 10 10 100 


Y-A-Y 


NB 


1/1 


Exchange X and SPX 


XSPX 


000000000 1 


X*-SPX 




1/1 


Exchange Y and SPY 


XSPY 


00000000 10 


Y^SPY 




1/1 


Exchange X and SPX.Y and SPY 


XSPXY 


00000000 1 1 


X->SPX,Y--SPY 




1/1 
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RAM Register Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD^ 
^YCLE 


Load A from Memory 


LAM{XY) 


OOlOOIOOyx 


M-^A. (?::!??) 




1/1 


Load A from Memory 


LAMD d 


1 10 1 
ds ds d? de ds d4 da d2 di do 


M— A 




1/2 


Load B from Memory 


LBM{XY) 


OOOIOOOOyx 


M — ►B, (v'^CDv} 




1/1 


Load Memory from A 


LMA{XY) 


00 1 00 1 1 y X 


A— »M, (yHIpy) 




1/1 


Load Memory from A 


LMAD d 


1 10010100 

ds ds d? ds ds d4 ds d2 d i do 


A-M 




2/2 


Load Memory from A, Increment Y 


LMAIYIX) 


OOOIOIOOOx 


A-^M.Y+1-Y(X>^SPX) 


NZ 


1/1 


Load Memory from A, Decrement Y 


LMADY(X) 


1 1 1 X 


A-»M.Y-1-»Y(X..SPX) 


NB 


1/1 


Exchange Memory and A 


XMA(XY) 


00 1 OOOOOy X 


M^A. (?:!!;?) 




1/1 


Exchange Memory and A 


XMAD d 


01 10000000 
ds de d? de ds d4 ds d2 di do 


M*^A 




2/2 


Exchange Memory and B 


XMB(XY) 


001 lOOOOyx 


M«^-»B, (yHIpy) 




1/1 



Note) (XY) and (x) have the meaning as follows: 

(1 ) The instructions with (XY) have 4 mnemonics and 4 object codes for each, (example of LAM (XY) is given below.) 



MNEMONIC 


y 


X 


FUNCTION 


LAM 










LAMX 





1 


X**SPX 


LAMY 


1 





Y-H-SPY 


LAMXY 


1 


1 


X **SPX, Y*>SPY 



(2) The instructions with (x) have 2 mnemonics and 2 object codes for each, (example of LMAIY(X) is given below.) 



MNEMONIC 


X 


FUNCTION 


LMAIY 







LMAIYX 


1 


X**SPX 
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Arithmetic Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 


Add Immediate to A 


Al 1 


1 1 Ola ij ii io 


A+ i— A 


OVF 


1/1 


Increment B 


IB 


000 100 1 100 


B + 1-*B 


NZ 


1/1 


Decrement B 


DB 


1 1 1 1 1 1 


B - 1 -»B 


NB 


1/1 


Decimal Adjust for Addition 


DAA 


1 1 1 1 






1/1 


Decimal Adjust for Subtraction 


DAS 


10 10 10 10 






1/1 


Negate A 


NEGA 


0001100000 


A+ 1 -»A 




1/1 


Complement B 


COMB 


01 01 000000 


B— B 




1/1 


Rotate Right A with Carry 


ROTR 


001 01 00000 






1/1 


Rotate Left A with Carry 


ROTL 


10 10 1 






1/1 


Set Carry 


SEC 


1 1 10 1 11 1 


1— CA 




1/1 


Reset Carry 


REC 


0011101100 


0-CA 




1/1 


Test Carry 


TC 


0001101111 




CA 


1/1 


Add A to Memory 


AM 


000000 1 000 


M + A-»A 


OVF 


1 /I 


Add A to Memory 


AMD d 


^9 ^8 ^7 ^6 % ^4 ^3 ^2 ^ ^ 


M + A-A 


OVF 


2/2 


Add A to Memory with Carry 


AMC 


000001 1000 


M + A + CA-^A 
OVF-^CA 


OVF 


1/1 


Add A to Memory with Carry 


AMCD d 


1000 1 1 OQQ 

ds ds d? ds ds d4 d3 d? di do 


M+A+CA-A 


OVF 


2/2 


Subtract A from Memory with Carry 


SMC 


00 100 1 1000 


M A r A .A 

IVI — M — — ►M 

NB->CA 


NB 


1/1 


Subtract A from Memory with Carry 


SMCD d 


d9 ds d? de ds d4 da Q2 di oo 


M-A-CA-^A 
NB-^CA 


NB 


2/2 


OR A and B 


OR 


10 10 10 


AUB -»A 




1/1 


AND Memory with A 


ANM 


10 1 1 10 


APiM-^A 


NZ 


1/1 


AND Memory with A 


AKIMr^ rl 
^INMU a 


0110011100 

d9 ds d? de ds d4 da d2 di do 




NZ 




OR Memory with A 


ORM 


0000001 100 


AUM-^A 


NZ 


1/1 


OR Memory with A 


ORMD d 


^9 ds ^7 ?e % ^4 ^3 clz ^1 ^0 


AUM-A 


NZ 


2/2 


EOR Memory with A 


EORM 


1 1 10 


A®M-»A 


NZ 


1/1 


EOR Memory with A 


EORMD d 


010001 1 100 

dg ds d7 de ds d4 da d2 dt do 


A®M-»A 


NZ 


2/2 
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Compare Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD/' 


immediate Not Equal to Memory 


INEM i 


1 i3 i2 ii io 


i ^M 


NZ 


1/1 


Immediate Not Equal to Memory 


INEMD i,d 


d d d d d d (? (f (j (f 


i / M 


NZ 


2/2 


A Not Equal to Memory 


ANEM 


0000000 100 


A^tM 


NZ 


1/1 


A Not Equal to Memory 


ANEMD d 


01 000QQ1 00 

ds ds d? de ds d4 03 d2 di do 


A^^M 


NZ 


2/2 


B Not Equal to Memory 


BNEM 


0001000100 


B^M 


NZ 


1/1 


Y Not Equal to Immediate 


YNEI i 


00 1 1 1 ia i2 ii io 


i 


NZ 


1/1 


Immediate Less or Equal to Memory 


ILEM i 


1 1 is i2 ii io 


i ^M 


NB 


1/1 


Immediate Less or Equal to Memory 


ILEMD i,d 


1 1 1 i^ i2 ii ip 

CI9 ds d? ds ds d4 03 02 di 00 


i ^M 


NB 


2/2 


A Less or Equal to Memory 


ALEM 


0000010100 


AiiM 


NB 


1/1 


A Less or Equal to Memory 


ALEMD d 


1 000 1 1 00 

ds ds d? de ds d4 da d2 d) do 


A^M 


NB 


2/2 


B Less or Equal to Memory 


BLEM 


00 1 1000 100 


B^M 


NB 


1/i 


A Less or Equal to Immediate 


ALEI i 


10 10 1 1 i3 i2 ii io 


A^- i 


NB 


1/1 


RAM Bit Manipulation Instruction 


OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORp^ 
/CYCLE 


Set Memory Bit 


SEM n 


1 1 nino 


1-M(n) 




1/1 


Set Memory Bit 


SEMD n,d 


1 10 0001 n,no 
ds da d? d§ ds d4 da d2 di do 


1-M{n) 




2/2 


Reset Memory Bit 


REM n 


1 10 nino 


O-M(n) 




1/1 


Reset Memory Bit 


REMD n,d 


1 10 001 Onmo 
ds ds d? de ds d4 da d2 di do 


0— M(n) 




2/2 


Test Memory Bit 


TM n 


10 1 1 nino 




M(n) 


1/1 


Test Memory Bit 


TMD n,d 


110 11 nino 
ds ds d? de ds d4 da d2 di do 




M(n) 


2/2 



ROM Address Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
/CYCLE 


Branch on Status 1 


BR 


b 


1 1 b7b6b5b4b3b2bibo 




1 


1/1 


Long Branch on Status 1 


BRL 


u 


10 111 P3P2P1P0 

djdsdydedjdfdjdjdidg 




1 


2/2 


Long Jump Unconditionally 


JMPL 


u 


10 10 1 P3P2PlpO 

ds d8d7d6ds d4 d3d2di do 






2/2 


Subroutine Jump on Status 1 


CAL 


a 


111 asa4a3a2aiao 




1 


1/2 


Long Subroutine Jump on Status 1 


CALL 


u 


10 110 P3P2P1P0 

ds ds d? de ds d4 da d2 di do 




1 


2/2 


Table Branch 


TBR 


P 


10 1 1 p3p2PlP0 






1/1 


Return from Subroutine 


RTN 


00000 10000 






1/3 


Return from Interrupt 


RTNI 


0000010001 


1-l/E 
CA RESTORE 


ST 


1/3 



Input /Output Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WOR^ 
^CLE 


Set Discrete I/O Latch 


SED 


1 1 10 1 


1-D(Y) 




1/1 


Set Discrete I/O Latch Direct 


SEDD m 


10 1110 m3m2mimo 


1-D(m) 




1/1 


Reset Discrete I/O Latch 


RED 


110 1 


O-D(Y) 




1/1 


Reset Discrete I/O Latch Direct 


REDD m 


10 1 10 m3m2mimo 


O-D(m) 




1/1 


Test Discrete I/O Latch 


TD 


1110 




D(Y) 


1/1 


Test Discrete I/O Latch Direct 


TDD m 


10 10 10 m3m2mimo 




D(m) 


1/1 


Load A from R-Port Register 


LAR m 


10 10 1 m3m2mimo 


R(m)-^A 




1/1 


Load B from R-Port Register 


LBR m 


1 1 m3m2mimo 


R(m)-B 




1/1 


Load R-Port Register from A 


LRA m 


10 1 10 1 m3m2mimo 


A-R{m) 




1/1 


Load R-Port Register from B 


LRB m 


10 1 10 m3m2mimo 


B-R{m) 




1/1 


Pattern Generation 


P P 


110 11 P3P2P1P0 






1/2 
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Control Instruction 



OPERATION 


MNEMONIC 


OPERATION CODE 


FUNCTION 


STATUS 


WORD^ 
-^CLE 


No Operation 


NOP 


0000000000 






1/1 


Start Serial 


STS 


10 10 10 






1/1 


Stand-by Mode 


SBY 


10 1001 100 






1/1 


Stop Mode 


STOP 


10 1001 101 






1/1 



Op-Code Map 




[ | ... 1-word/2-cycle 
Instruction 



I 1... l-word/3-cvcle f — ] ... RAM Direct Address r— ]... 2-word/2-cycle 

Instruction Instruction Instruction 

(2-word/2-cycle) 
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NOTES 
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